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Chapter I 
INTRODUCTION
With respect to flow rate, the largest flowing surface 
water resource in Arkansas is the Arkansas River. This 
resource extends approximately 320 river miles across the 
state. Despite the size and location of the river, it has 
received relatively little usage for agricultural, indus­
trial and municipal applications. Because major population 
centers are in close proximity to the river and because of 
the recognized need to more fully utilize the state's water 
resources, there has been increased interest in the river in 
recent years. This interest seems to have particularly been 
focused on potential agricultural and municipal applica­
tions .
As a result of this increased interest, the project to 
determine the suitability of the Arkansas River for munici­
pal, agricultural and industrial water supplies was devel­
oped in conjunction with a Corps Of Engineers evaluation of 
the river. The overall study involves the Corps Of Engi­
neers and the States of Arkansas and Oklahoma. Several 
water resources activities are being examined, including 
navigation and hydrological studies as well as the water 
quality evaluation.
The "suitability" study encompassed five major areas. 
These were: 1) a review of the historical water quality data 
available on the river, 2) initiation and completion of a 
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sampling program, 3) bench-scale treatability studies on the 
river water, 4) evaluation of the water quality data with 
respect to municipal, agricultural and industrial water 
supply needs, and; 5) an economic evaluation of treatment 
costs for the several potential uses of the river as a water 
supply source.
Funding for the study was administered by the Arkansas 
Soil and Water Conservation Commission. The Arkansas Soil 
and Water Conservation Commission was also responsible for 
overall supervision of the project. Several agencies and 
organizations provided funds for the project. These were 
the Corps of Engineers, the Environmental Protection Agency, 
the City of Little Rock, Rockefeller Foundation and the 
Ozark Society. Additionally, the U. S. Geological Survey 
contributed financially by matching the cost of sample 
collection. Funding for the Lee Creek site was provided by 
the Environmental Protection Agency. The City of Little 
Rock provided funding for sampling the Little Rock site.
The sampling program included five sites. These are Van 
Buren, Dardanelle, Little Rock and Pine Bluff on the main 
stem of the river and a site on Lee Creek upstream from its 
confluence with the Arkansas River. The study, as origi­
nally funded, included three sites. These were the Van 
Buren, Dardanelle and Pine Bluff sites. Sampling was 
commenced in August, 1987 for these sites and was completed 
in July, 1989. Sampling at the Little Rock site was initi­
ated in June, 1988 and was completed in July, 1989. The 
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sampling program for the Lee Creek site extended from 
August, 1988 until July, 1989.
Analyses on the samples at all five sites included 
various wet chemistry, atomic absorption and organics 
analyses. The wet chemistry and atomic absorption analyses 
were conducted at the University of Arkansas. The "organ­
ics” analyses were conducted by private laboratories. The 
term ’'organics” is used to describe the pesticide/PCB, 
semivolatile organic chemicals and volatile organic chemi­
cals for which results are produced using Methods 508, 524 
and 525 and Methods 608, 624 and 625. Two private laborato­
ries were utilized for the organics analyses. These were 
American Interplex in Little Rock and Daily Analytical 
Services in Peoria, Illinois. Both laboratories are certi­
fied.
A variety of treatability studies were conducted includ­
ing lime softening, ozonation, granular activated carbon and 
packed tower aeration studies. These studies were conducted 
in the Bell Engineering Center at the University of Arkansas 
on river water obtained near Van Buren.
The water treatment cost studies were conducted using 
WATERMAID, a software program developed for the Environmen­
tal Protection Agency. These studies were conducted for the 
five sites for both average and maximum water quality 
concentrations.
3
Chapter II 
SUMMARY OF FINDINGS AND CONCLUSIONS
The following findings and conclusions were drawn as a 
result of the study:
1. Based on the results of the sampling program, the 
review of the historical data available and the 
maximum contaminant levels for the various parame­
ters currently established, the Arkansas River at 
the four sampling sites is suitable as a raw water 
source for municipalities. Whether it is the best 
source of water for a specific community must be 
determined on a site specific basis.
2. With respect to salinity, chloride and sodium 
adsorption ratio values, the water in the Arkansas 
River at the four sampling sites is suitable for the 
irrigation of most crops during at least a large 
fraction of the year. Diversion and storage of 
water can be used to provide irrigation water during 
periods of low flows in the river (currently less 
than 3,000 cubic feet per second for that portion of 
the river in Arkansas) and/or to obtain water with 
the optimum quality for irrigation.
3. Based on the results of the monitoring program 
conducted for pesticide/PCB parameters at the four 
main stem sites, the concern that the Arkansas River 
is too pesticide laden to be suitable for use in
- 4 -
irrigation is not a valid one. The pesticide 
concentrations for all samples collected were below 
the detection limits of the test procedures used. 
The pesticide/PCB parameters included in the moni­
toring program were alpha-BHC, beta-BHC, delta-BHC, 
gamma-BHC (Lindane), heptachlor, aldrin, heptachlor 
epoxide, endosulfan I, dieldrin, 4,4'-DDE, endrin, 
endosulfan II, 4,4'-DDD, endosulfan sulfate, 
4,4'-DDT, endrin aldehyde, methoxychlor, alpha­
chlordane, gamma-chlordane, toxaphene, aroch- 
lor-1016, arochlor-1221, arochlor-1232, aroch- 
lor-1242, arochlor-1248, arochlor-1254, and aroch- 
lor-1260
4. Based on the results of the sampling program, the
Arkansas River water at the four sampling sites is 
suitable as a raw water source for most industrial 
applications. Finished water quality requirements 
for each type of industry obviously dictate the 
degree of water treatment required for each applica­
tion.
5. Concerning chloride concentrations in the Arkansas 
River water, dramatic improvement in the water 
quality has occurred in the last 20 to 25 years. 
The average and peak chloride concentrations are now 
small relative to previously reported chloride 
concentrations.
5
6. The average chloride concentrations in the samples 
collected from the Van Buren, Dardanelle, Little 
Rock and Pine Bluff sites on the main stem of the 
Arkansas River were 132, 128, 128 and 107 milligrams 
per liter, respectively. The average chloride 
concentration for the 23 samples collected at the 
Lee Creek site was 112 milligrams per liter. Of the 
181 samples analyzed for chloride on the main stem 
of the Arkansas River, only two exceeded the recom­
mended limit of 250 milligrams per liter for drink­
ing water. Both samples were collected from the Van 
Buren site.
7. The average sulfate concentrations in the samples 
collected from the Van Buren, Dardanelle, Little 
Rock and Pine Bluff sites on the main stem of the 
river were 92, 87, 92 and 77 milligrams per liter, 
respectively. The average sulfate concentration at 
the Lee Creek sampling site was 86 milligrams per 
liter. The sulfate concentrations in all samples 
collected at the five sites were less than the 
recommended limit of 250 milligrams per liter for 
drinking water.
8. The average total dissolved solids concentrations in 
the samples collected from the Van Buren, Darda­
nelle, Little Rock and Pine Bluff sites on the main 
stem of the river were 410, 385, 330 and 325 milli­
grams per liter, respectively. The average total 
6
dissolved solids concentration in the samples 
collected at the Lee Creek site was 325 milligrams 
per liter. A tendency for smaller total dissolved 
solids concentrations was apparent moving downstream 
from Van Buren to Pine Bluff.
9. The results of the pesticide/PCB, semivolatile 
organic chemical and volatile organic chemical 
analyses indicated surprisingly few instances in 
which any of the approximately 140 parameters 
included were present at levels above the detectable 
limits of the methods used. Of the over 21,000 
values reported for the various organics, only five 
equalled or exceeded the detection limits of the 
test procedures used.
10. The synthetic organic chemical parameters present in 
concentrations equalling or exceeding the detection 
limit were acetone (35 micrograms per liter at the 
Little Rock site in February, 1989 - detection limit 
10 micrograms per liter), bis(2-ethyl-hexyl) 
phthalate (17 micrograms per liter at the Little 
Rock site in February, 1989 and 10 micrograms per 
liter at the Dardanelle site in February, 1989 - 
detection limit 10 micrograms per liter), Di-n- 
butylphthalate (14 micrograms per liter at the 
Little Rock site in February, 1989 - detection limit 
10 micrograms per liter), methylene chloride (5 
micrograms per liter at the Lee Creek site in
7
January, 1989 - detection limit 5 micrograms per 
liter). Maximum contaminant levels for drinking 
water have currently not been established for any of 
these parameters at the present time.
11. With respect to flow, the safe annual yield of the 
Arkansas River is currently zero because of the 
minimum flow requirement for navigation. 
Consequently, the use of the Arkansas River as a 
continuous (multi-year) source of supply for agri­
cultural, industrial and municipal purposes would 
require either the presence of an auxiliary supply 
source or the use of existing, or new, off-stream 
storage facilities, to insure the adequacy of the 
resource.
12. A variety of scenarios exist which would allow use 
of the Arkansas River as a water supply source for 
municipal, industrial and agricultural water sup­
plies. These include, but are not limited to:
a. Diversion and storage of Arkansas River during 
periods of adequate flows, or of optimum water 
quality, for the intended use.
b. Blending of water from the Arkansas River and 
existing (or new) water sources throughout the 
year when the flow in the Arkansas River is 
greater than minimum requirement for navigation 
and the quality of the water in the river is 
acceptable.
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c. Blending of water from the Arkansas River and 
existing (or new) water sources to achieve 
optimum water quality from the two (or more) 
sources at all times.
d. Use of water directly from the Arkansas River 
during periods of adequate flow (currently 
greater than 3,000 cfs for the portion of the 
river in Arkansas) and acceptable quality with 
existing (or new) sources used during low flow 
conditions.
e. Use of water directly from the Arkansas River 
during part of the year and either blending the 
Arkansas River water with existing sources or 
using existing (or new) sources during part of 
the year to achieve optimum quality of the 
treated water throughout the year.
13. No standard test currently exists for the total 
trihalomethane formation potential of surface waters 
because of the variety of factors which influence 
the test. Consequently, total trihalomethane 
formation potential tests are required on a site 
specific basis. These tests need to be specific for 
the water source and for the treatment plant with 
respect to unit processes and detention times of the 
various unit processes in the treatment plant as 
well as the detention time of the water in the 
community water distribution system.
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14. Method 501.1 was developed for determining the total 
trihalomethane formation potential for ground water 
sources, but has not proven to be adaptable to 
surface waters, probably because of the presence of 
trihalomethane precursors in larger concentrations 
in most surface waters than in ground waters.
15. An evaluation was conducted concerning the use of 
the TOX (total organic halide) as an indicator (or 
substitute) for total trihalomethane formation 
potential tests for cost and timing purposes. The 
test might serve as rough screening tool (with 
verification), but is not sufficiently specific to 
serve as a substitute for total trihalomethane 
formation potential.
16. Both the turbidity values and suspended solids con­
centrations are relatively low for large flowing 
surface water resources. Both are sufficiently 
small that pre-sedimentation would not usually be an 
anticipated requirement as a unit process in water 
treatment plants.
17. The need for routine application of either granular 
activated carbon or packed tower aeration of the 
Arkansas River water would appear to be either 
primarily a function of the trihalomethane formation 
potential in the water at a specific site, or as a 
safety measure to insure the presence of optimum 
quality of treated water at all times. The organics
10 
analyses indicated the river water to be remarkably 
clean with respect to the pesticides, volatile 
organic chemicals, or synthetic organic chemicals 
during the testing period. However, site specific 
studies are needed for total trihalomethane forma­
tion potential at each proposed water treatment 
facility.
18. Several metals, including iron, manganese, copper 
and nickel were present in a significant number of 
the samples. The copper and nickel concentrations 
do not appear to be troublesome. No maximum contam­
inant level has been established for nickel. The 
copper concentrations were well below the recom­
mended limit for treated drinking water. The iron 
and manganese concentrations can be reduced to 
sufficiently low levels using appropriate unit 
processes.
19. Based on the results of the pesticide/PCB analyses, 
there appears to be little risk associated with use 
of Arkansas River water for irrigation purposes with 
respect to pesticides.
20. Although the results of the pesticide/PCB, semivola­
tile organic chemical and volatile organic chemicals 
monitoring program indicated the river was remark­
ably clean during the sampling period, routine 
monitoring is recommended should the river be used 
as a municipal water supply source.
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21. Because the possibility of both reported and unre­
ported spills always exists to some degree, 
increased attention should be focused on the insti­
tutional controls and monitoring requirements for 
water quality control should the river be used as a 
raw water supply source for municipalities.
22. None of the trihalomethanes whose concentrations 
were measured in the organic compound analyses were 
present at concentrations equalling or exceeding the 
test procedures used. These included chloroform, 
bromoform, chloromethane, bromomethane, dibromochlo­
romethane and bromodichloromethane.
23. The granular activated carbon adsorption studies 
indicated excellent removal efficiencies of the 
volatile organic chemicals used. Efficiencies 
exceeding 99 percent were very common. Benzene and 
trichloroethylene were the two volatile organic 
chemicals used for these studies.
24. The packed tower aeration studies indicated excel­
lent removal efficiencies at the lower liquid 
loading rates used. A liquid loading limit did 
exist above which the removal efficiencies decreased 
significantly. The air-to-liquid ratios required 
for good removal were acceptably low. Benzene and 
trichloroethylene were the two volatile organic 
chemicals used for the packed tower aeration 
studies.
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25. The lime and lime-soda ash softening studies did not 
indicate any unusual conditions with respect to the 
use of this unit process for treating Arkansas River 
water.
26. The ozonation studies indicated excellent removal 
efficiencies of the spiked river water in the longer 
contact time and larger dosage studies. Benzene and 
trichloroethylene were the two volatile organic 
chemicals used in the ozonation studies. The 
removal efficiencies decreased significantly as the 
contact times were decreased. However, a careful 
evaluation of the benefits of the use of ozonation 
for the reduction of volatile organic chemical 
concentrations is recommended prior to design.
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Chapter III
RESULTS OF THE SAMPLING PROGRAM
River water samples from the five sites were collected 
by the U. S. Geological Survey (USGS) in accordance with 
their established sampling procedures. Samples for wet 
chemistry and atomic absorption analyses were delivered to 
the Bell Engineering Center at the University of Arkansas by 
USGS personnel. Samples for organics analyses from the Lee 
Creek, Dardanelle, Little Rock and Pine Bluff sites were 
delivered by USGS to American Interplex in Little Rock. 
Samples for organics analyses for the Van Buren site were 
delivered to the Bell Engineering Center and sent by United 
Parcel Service (next day air) to Daily Analytical Services 
in Peoria, Illinois as were the samples used for referee 
purposes.
Wet Chemistry And Atomic Absorption Analyses
A variety of analyses were conducted on the samples. 
These include barium, biochemical oxygen demand, cadmium, 
calcium, chemical oxygen demand, chloride, coliform, conduc­
tivity, copper, iron, lead, magnesium, manganese, mercury, 
nickel, phenol, potassium, sodium, sulfate, suspended 
solids, total hardness, total dissolved solids, total 
solids, turbidity and zinc. Additionally, values for the 
sodium adsorption ratio were calculated. The analytical 
procedures used for each parameter were those described in 
Standard Methods For The Examination Of Water And Wastewater
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(1) , Methods Of Chemical Analysis of Water and Wastes (2), 
or Methods For Determination Of Inorganic Substances In 
Water And Fluvial Sediments (3).
The results of the sampling program are described in the 
following sections of this summary by site. Additional 
discussion is included for certain parameters either because 
of their historical interest or because of the specific 
interest in the parameter for use in agricultural, indus­
trial and water supply source evaluation. For convenience 
the primary and secondary drinking water regulations are 
included in Tables I and II.
Van Buren. The water quality data for the Van Buren site 
essentially represents the quality of water in the Arkansas 
River as it enters the state since the site is close to the 
Oklahoma state line. Samples for this site were collected 
on the downstream side of the Highway 64/71 bridge.
Chemical Oxygen Demand. The results of the chemical 
oxygen demand determinations are shown graphically in Figure 
1. As would be expected, the chemical oxygen demand concen­
trations varied throughout the sampling period. The average 
chemical oxygen demand concentration in the samples col­
lected at the Van Buren site was 12 mg/L. The concentra­
tions ranged from about 1 to 34 mg/L with a median concen­
tration of 9.0 mg/L.
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Table I
National Interim Primary 
Drinking Water Regulations
Maximum
Constituent Contaminant Level
Inorganic Chemicals
Arsenic 0.05 mg/L
Barium 1 mg/L
Cadmium 0.010 mg/L
Chromium (Total) 0.05 mg/L
Fluoride 1.4-2.4 mg/L*
Lead 0.05 mg/L
Mercury 0.002 mg/L
Nitrate N) 10 mg/L
Selenium 0.01 mg/L
Silver 0.05 mg/L
Organic Chemicals
Chlorinated hydrocarbons 0.0002 mg/L
Endrin 0.0002 mg/L
Lindane 0.004 mg/L
Methoxychlor 0.1 mg/L
Toxaphene 0.005 mg/L
Chlorophenoxys
2,4-D 0.1 mg/L
2,4,5-TP Silvex 0.01 mg/L
Physical Parameters
Turbidity 1 TU
Radioactivity
Gross alpha 15 pCi/L
Radium-226 and 228 5 pCi/L
Tritium 20,000 pCi/L
Strontium 90 8 pCi/L
Bacteriological factors
Coliform bacteria (per 100 mL) 1 count/100 mL
* Temperature dependent
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Table II
National Secondary 
Drinking Water Regulations
Constituent
Maximum 
Contaminant Level
Chloride
Color
Copper
Corrosivity
Foaming Agents
Iron
Manganese
Odor
PH
Sulfate
Total Dissolved Solids
Zinc
*Threshold Odor Number
250 mg/L 
15 color units 
1 mg/L 
Noncorrosive 
0.5 mg/L 
0.3 mg/L 
0.05 mg/L 
3 TON* 
6.5-8.5 
250 mg/L 
500 mg/L
5 mg/L
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Chemical Oxygen Demand vs. Time
Figure 1. Graph Of Chemical Oxygen Demand Versus Time For The 
Van Buren Site.
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Chloride. The chloride concentrations in the river water 
are clearly cyclical as shown in Figure 2. The chloride 
concentrations ranged from 30 to 305 milligrams per liter in 
the samples collected during the two-year sampling period. 
The average and median concentrations were 132 and 109 mg/L, 
respectively. As shown by the figure, the chloride concen­
trations are quite low during significant fractions of each 
year. Chloride concentrations in the 30 to 50 mg/L range 
were relatively common during portions of each year. On two 
occasions during the sampling period, the chloride concentr- 
tations exceeded the recommended drinking water limit of 250 
mg/L.
Coliform. One of the measures of the bacteriological 
quality of water is the concentration of coliform organisms 
present. As shown in Figure 3, the number of colonies per 
one hundred milliliters of sample ranged from near zero to 
about 420 colonies per 100 mL. The average number of 
colonies per 100 mL was 76. The median number of colonies 
was 42 per 100 mL.
Hardness. The average total hardness concentration in the 
samples collected at the Van Buren site was 180 mg/L. The 
range was from 83 to 270 mg/L. The median concentration was 
154 mg/L. Total hardness also varied significantly through­
out the sampling period as shown in Figure 4. Calcium 
concentrations also varied as a function of time as shown by 
the figure.
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Figure 2. Graph Of Chloride Versus Time For The Van Buren Site.
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Figure 3. Graph Of Coliform Versus Time For The Van Buren Site.
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Figure 4. Graph Of Hardness Versus Time For The Van Buren Site.
Hardness vs. Time
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The predominate constituent of the total hardness was 
calcium. The average calcium to total hardness ratio was 
0.64. The ratio did vary significantly throughout the 
sampling period ranging from 0.40 to 0.8. Figure 5 provides 
a graphical illustration of this ratio.
Heavy Metals. Analyses were conducted for barium, 
cadmium, copper, iron, manganese, mercury, nickel, lead and 
zinc. The heavy metals present in the largest concentra­
tions were copper, iron, manganese and zinc. The results of 
the analyses for these parameters are shown graphically in 
Figures 6 through 10.
Copper. Figure 6 shows the variation in the copper 
concentrations as a function of time for the Van Buren site. 
The average and median concentrations were 0.07 and 0.06 
mg/L, respectively. The concentrations ranged from less 
than 0.01 to 0.23 mg/L. There was an apparent trend for 
decreasing concentrations as a function of time during the 
sampling period.
Iron. The iron concentrations were larger than 
anticipated. The range was from 0.03 to 1.86 mg/L with an 
average concentration of 0.42 mg/L. The median concentra­
tion was 0.34 mg/L. An apparent tendency of decreasing 
concentrations during the sampling period was evident until 
about the last six months as shown in Figure 7. During the 
last six months of the sampling period, considerable varia­
tion in the concentrations were noted.
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Figure 5. Graph Of Calcium/Total Hardness Ratio Versus Time For 
The Van Buren Site.
VAN BUREN
Copper vs. Time
Figure 6. Graph Of Copper Versus Time For The Van Buren Site.
C
op
pe
r. 
m
g/
L
25
VAN BUREN
Iron vs. Time
1987 1968 1989
Figure 7. Graph Of Iron Versus Time For The Van Buren Site.
Iro
n.
 m
g/L
26
Manganese. Manganese was usually present in the river 
water. The concentrations ranged from less than 0.01 to 
0.20 mg/L with an average concentration of 0.06 mg/L. The 
median concentration was 0.05 mg/L. The manganese concen­
trations are shown in Figure 8.
Nickel. The nickel concentrations ranged from less 
than 0.01 to 0.23 mg/L as shown in Figure 9. The average 
and median concentrations for the two-year period were 0.04 
mg/L and 0.04 mg/L.
Lead. The largest lead concentrations measured at the 
Van Buren site were 40 micrograms per liter.
Zinc. Figure 10 provides a graphical illustration of 
the zinc concentrations as a function of time. These 
averaged 0.05 mg/L with a range from less than 0.01 mg/L to 
a maximum concentration of 0.27 mg/L. The median concentra­
tion was 0.03 mg/L.
Mercury. Except for one sample, the mercury 
concentrations were all less than the detection limit used 
in the water laboratory at the University of Arkansas.
Barium. The barium concentrations were all below the 
detection limit of 0.5 micrograms per liter.
Cadmium. The detection limit used for cadmium was 0.01 
mg/L. The concentrations of cadmium in the samples at the 
Van Buren site were all equal to or less than 0.01 mg/L.
Sodium. Since sodium concentrations are usually related 
to chloride concentrations in streams such as the Arkansas 
River, the sodium concentrations would be expected to follow
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Figure 8. Graph Of Manganese Versus Time For The Van Buren Site.
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Figure 9. Graph Of Nickel Versus Time For The Van Buren Site.
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the same general trends as exhibited for chloride. Figure 
11 illustrates sodium as a function of time for the Van 
Buren site. As shown by the figure, the sodium concentra­
tions were cyclical. The average concentration was 81 mg/L 
with the concentrations ranging from 11 to 185 mg/L. The 
median concentration was 68 mg/L. Figure 12 shows both 
sodium and chloride plotted as a function of time for this 
site.
Sodium Adsorption Ratio. The sodium adsorption ratio 
values are shown graphically in Figure 13. As shown by the 
figure, the values ranged from 0.73 to 4.92 with an average 
of 2.6. The median sodium adsorption ratio was 2.34. The 
sodium adsorption ratio values varied considerably through­
out the sampling period.
Sulfate. Another water quality parameter which has been 
discussed in some detail relative to the Arkansas River is 
sulfate. The recommended maximum concentration of sulfate 
used for drinking water is 250 mg/L. At the Van Buren site, 
the sulfate concentration averaged 90 mg/L with a range from 
23 to 140 mg/L. The median concentration was 79 mg/L. 
Figure 14 shows the sulfate concentrations measured during 
the sampling period. As shown by the figure, the sulfate 
concentration varied significantly but was well within the 
recommended limit of 250 mg/L for drinking water at all 
times.
Suspended Solids. The suspended solids concentrations 
shown in Figure 15. The concentrations ranged from 6 to 177
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Figure 11. Graph Of Sodium Versus Time For The Van Buren Site.
32
S
od
iu
m
 A
ds
or
pt
io
n 
R
at
io
VAN BUREN
Sodium Adsorption Ratio vs. Time
Figure 12. Graph Of The Sodium Adsorption Ratio Versus Time For 
The Van Buren Site.
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Figure 13. Graph Of Sodium And Chloride Versus Time For The Van 
Buren Site.
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Figure 14. Graph Of Sulfate Versus Time For The Van Buren Site.
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Figure 15. Graph Of Suspended Solids Versus Time For The Van 
Buren Site.
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mg/L with an average of 33 mg/L. The median concentration 
was 22 mg/L.
Total Dissolved Solids. Drinking water regulations also 
contain a recommended standard for total dissolved solids. 
The recommended limit is 500 mg/L. The total dissolved 
solids concentrations ranged from 100 to 800 mg/L. The 
average and median concentrations were 410 mg/L and 302 
mg/L, respectively. The dissolved solids concentrations 
exceeded the recommended maximum contaminant level of 500 
mg/L in about one-third of the samples.
The total dissolved solids concentrations were also 
cyclical, as would be expected since they consist primarily 
of the cations and anions. During parts of the year, the 
total dissolved solids concentrations were quite small. 
Figure 16 shows the total dissolved solids concentrations as 
a function of time.
Turbidity. The turbidity ranged from essentially zero to 
120 turbidity units as shown in Figure 17. The average 
turbidity was 28 turbidity units. The median concentration 
was 16 units. These turbidity values are relatively low for 
major flowing surface watercourses in the United States. 
Dardanelle. The actual sampling location for the Dardanelle 
samples was the downstream side of the State Highway 7 
bridge. Thus, the samples were collected downstream from 
Lake Dardanelle.
Chemical Oxygen Demand. The chemical oxygen demand 
concentrations are shown in Figure 18. As shown by the
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Figure 16. Graph Of Total Dissolved Solids Versus Time For The 
Van Buren Site.
Total Dissolved Solids vs. Time
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DARDANELLE
Chemical Oxygen Demand vs. Time
Figure 18. Graph Of Chemical Oxygen Demand Versus Time For The 
Dardanelle Site.
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figure, there was some variation in the these concentrations 
with time. However, the concentrations were relatively 
constant. The average and median chemical oxygen demand 
concentrations were 10.6 and 10 mg/L, respectively. The 
chemical oxygen demand concentrations ranged from 1.3 to 30 
mg/L.
Chloride. The average chloride concentration at the 
Dardanelle sampling site was 128 mg/L. The concentrations 
ranged from 35 to 230 mg/L as shown in Figure 19. The 
median concentration was 130 mg/L. The chloride concentra­
tions were clearly cyclical with the pattern strongly 
resembling that of chloride at the Van Buren site.
Coliform. Figure 20 shows the number of coliform 
organisms per 100 mL of sample for the Dardanelle site. The 
average and median numbers of organisms were 47 and 20. The 
range was from zero to 240 organisms per 100 mL.
Hardness. Figure 21 provides a graphical illustration of 
calcium and total hardness as a function of time for the 
Dardanelle site. As shown by the figure, the hardness is 
predominantly calcium. However, there was more variation in 
the magnesium concentrations than in the calcium concentra­
tions with respect to percentage variation.
The average total hardness concentration was 180 mg/L 
with a range from 88 to 285 mg/L. The median concentration 
was 172 mg/L. The calcium hardness ranged from 49 to 160 
mg/L with an average concentration of 110 mg/L. The median 
concentration was 114 mg/L.
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Figure 19. Graph Of Chloride Versus Time For The Dardanelle Site.
Chloride vs. Time
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Figure 20. Graph Of Coliform Versus Time For The Dardanelle Site.
Coliforms vs. Time
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Figure 21. Graph Of Hardness Versus Time For The Dardanelle Site.
Hardness vs. Time
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The calcium to total hardness ratio varied considerably 
with the total hardness averaging 63.3 percent calcium and 
36.7 percent magnesium. The ratio varied from 36.4 percent 
to 86.3 percent. The largest variations occurred in the 
spring and summer of 1989 near the end of the two-year 
sampling period as shown in Figure 22.
Heavy Metals. Analyses were also conducted at the 
Dardanelle site for barium, cadmium, copper, iron, manga­
nese, mercury, nickel, lead and zinc. The measured concen­
trations for several of these metals were significantly less 
than for the Van Buren site. Copper, iron, manganese, 
nickel and zinc had noticeably smaller concentrations. The 
barium, cadmium and mercury concentrations were all less 
than the detection limit of the test procedure used.
Copper. The average copper concentration at this site 
was 0.07 mg/L. The copper values ranged from less than 0.01 
to 0.21 mg/L. The median concentration was 0.06 mg/L.
These data are shown in Figure 23. There was an apparent 
trend of decreasing copper concentrations as a function of 
time throughout the sampling period.
Iron. Although generally present in smaller amounts 
than at the Van Buren site, there were significant concen­
trations of iron in the water samples collected at the 
Dardanelle site. These data are shown in Figure 24. The 
average concentration was 0.30 mg/L with a range from near 
zero to 0.89 mg/L. The median concentration was 0.28 mg/L.
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Figure 22. Graph Of Calcium/Total Hardness Ratio Versus Time For 
The Dardanelle Site.
Calcium/Total Hardness Ratio vs. Time
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Figure 23. Graph Of Copper Versus Time For The Dardanelle Site.
Copper vs. Time
47
DARDANELLE
Iro
n.
 m
g/
L
Figure 24. Graph Of Iron Versus Time For The Dardanelle Site.
Iron vs. Time
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Lead. The maximum lead concentration measured at the 
Dardanelle site was 30 micrograms per liter. Generally, the 
lead concentrations were below the detection limits of the 
test procedure used. However, the 30 micrograms per liter 
concentration occurred three times during the study period.
Manganese. The average manganese concentration at the 
Dardanelle site was 0.07 mg/L. The concentrations ranged 
from near zero to 0.35 mg/L as shown in Figure 25. The 
median concentration was 0.06 mg/L. Two noticeable peaks in 
the manganese concentrations occurred during the two-year 
period. These were in the samples collected on June 28, 
1988 and June 15, 1989. The maximum concentration measured 
was 0.35 mg/L on June 28th, 1988. The second largest 
concentration was 0.18 mg/L in the June 15th, 1989 sample.
Nickel. The nickel concentrations are portrayed 
graphically in Figure 26. As shown by the figure, nickel 
was present in more than one-half of the samples. There was 
a general trend of decreasing nickel concentrations through­
out the two-year period. The average concentration was 0.05 
mg/L with the concentrations ranging from near zero to 0.24 
mg/L. The median concentration was 0.03 mg/L.
Zinc. Two noticeable peaks in zinc concentrations were 
evident in the Dardanelle samples. These were in the 
samples collected on August 27, 1987 and on July 12, 1988. 
The concentrations were 0.32 and 0.35 mg/L, respectively. 
The average and median concentrations were 0.05 and 0.02 
mg/L, respectively. The range was from near zero to 0.35
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Figure 25. Graph Of Manganese Versus Time For The Dardanelle Site.
Manganese vs. Time
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Figure 26. Graph Of Nickel Versus Time For The Dardanelle Site.
Nickel vs. Time
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mg/L. Nearly one-half of the samples contained zinc in 
concentrations less than the detectable limit of the test 
procedure used. The data are shown in Figure 27.
Sodium. The sodium concentrations varied considerably 
during the sampling period ranging from 17 to 155 mg/L. The 
median concentration was 76 mg/L. This would be expected 
based on the patterns of variation for chloride in the river 
water. The average concentration was 130 mg/L. Figure 28 
shows the sodium concentrations plotted as a function of 
time. Figure 29 provides a comparison of the sodium and 
chloride data for the Dardanelle site.
Sodium Adsorption Ratio. The average sodium adsorption 
ratio value was 2.7. The values ranged from 0.9 to 5.3. 
The median sodium adsorption ration was 3.51. The larger 
sodium adsorption ratio values both occurred in July, 1989. 
The sodium adsorption ratio for 32 of the samples was less 
than 3.00. The data are shown in Figure 30.
Sulfate. The sulfate concentrations are shown in Figure 
31 as a function of time. The average concentration was 87 
mg/L. The range was from 14 to 148 mg/L. The median 
concentration was 95 mg/L. The pattern of variation for 
sulfate was similar to the pattern for the samples collected 
at the Van Buren site. That is, there was considerable 
variation in concentration with time, but less so than for 
chloride.
Suspended Solids. The suspended solids concentrations 
were relatively low which would be expected since the sample
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Figure 27. Graph Of Zinc Versus Time For The Dardanelle Site.
Zinc vs. Time
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Figure 28. Graph Of Sodium Versus Time For The Dardanelle Site.
Sodium vs. Time
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Figure 29 Graph Of Sodium And Chloride Versus Time For The 
Dardanelle Site.
Sodium And Chloride vs. Time
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Figure 30. Graph Of The Sodium Adsorption Ratio Versus Time For 
. The Dardanelle Site.
Sodium Adsorption Ratio vs. Time
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Figure 31. Graph Of Sulfate Versus Time For The Dardanelle Site.
Sulfate vs. Time
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site was downstream from Lake Dardanelle. The suspended 
solids values are shown in Figure 32. The average and 
median concentrations were 20 and 17 mg/L, respectively. 
The values ranged from 1 to 64 mg/L.
Total Dissolved Solids. The total dissolved solids 
concentrations varied considerably as a function of time 
ranging from 105 to 760 mg/L. The average total dissolved 
solids concentration was 385 mg/L. The median concentration 
was 378 mg/L. These data are shown in Figure 33.
Turbidity. The turbidity values were relatively small for 
a large flowing watercourse. The average turbidity was 23 
turbidity units. The turbidity values ranged from 2 to 76 
units. The median concentration was 15 units. These data 
are shown graphically in Figure 34.
Little Rock. Sample collection at the Little Rock site was 
initiated on June 2nd, 1988 and continued through July, 
1989. The samples were collected by boat at Mile Marker 133 
near Maumelle.
Chemical Oxygen Demand. The average chemical oxygen 
demand concentration in the samples collected at the Little 
Rock site was 12 mg/L with a range from 2 to 70 mg/L. The 
median concentration was 10.8 mg/L. These data are shown 
graphically in Figure 35. Except for two spikes, the data 
are quite consistent.
Chloride. The average chloride concentration at this site 
was 128 mg/L with a range from 35 to 230 mg/L. The median 
concentration was 120 mg/L. These data are shown in Figure
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Figure 32. Graph Of Suspended Solids Versus Time For The 
Dardanelle Site.
Suspended Solids vs. Time
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Figure 33. Graph Of Total Dissolved Solids Versus Time For The 
Dardanelle Site.
Total Dissolved Solids vs. Time
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Figure 34. Graph Of Turbidity Versus Time For The Dardanelle Site.
Turbidity vs. Time
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Figure 35. Graph Of Chemical Oxygen Demand Versus Time For The 
Little Rock Site.
Chemical Oxygen Demand vs. Time
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36. As shown by the figure, the chloride concentrations did 
vary with the larger concentrations generally occurring in 
the fall months and the smaller concentrations occurring in 
the winter months. The average chloride concentration at 
this site was virtually the same as for the Dardanelle site 
and only 4 mg/L less than the average for the Van Buren 
site.
Coliform. Figure 37 shows the number of coliform 
organisms per 100 mL of sample. The number ranged from zero 
to 310 coliforms per 100 mL. The median concentration was 
30 colonies per 100 mL.
Hardness. Both calcium and total hardness varied 
considerably during the sampling period. The smaller 
concentrations generally occurred in the winter and spring 
months with the larger concentrations occurring during the 
fall months. This was particularly true for magnesium as 
the larger concentrations occurred from September 20th until 
December 1st in 1988. The average concentrations were 105 
and 170 mg/L for calcium and total hardness, respectively. 
The median concentrations were 103 and 176 mg/L for calcium 
and total hardness, respectively. Both the calcium and 
total hardness concentrations are expressed as CaCO3. The 
calcium hardness concentrations ranged from 51 to 150 mg/L. 
The range for the total hardness concentrations was from 91 
to 270 mg/L. These data are shown in Figure 38.
An average of 59.9 percent of the total hardness was 
calcium. The calcium to total hardness ratio ranged from
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Figure 36. Graph Of Chloride Versus Time For The Little Rock Site.
Chloride vs. Time
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Figure 37. Graph Of Coliform Versus Time For The Little Rock Site.
Coliform vs. Time
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Figure 38. Graph Of Hardness Versus Time For The Little Rock Site.
Hardness vs. Time
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0.39 to 0.90. The ratio was generally smaller during the 
fall months and larger during the winter months. Figure 39 
shows the calcium to total hardness ratio graphically.
Heavy Metals. The barium, cadmium and mercury concentra­
tions in the samples collected at the Little Rock site were 
all below the detection limits of the test procedure used. 
Two spikes in the zinc concentrations were particularly 
noticeable in reviewing the data for this site.
Copper. The average copper concentration was less than 
0.05 mg/L with the range from near zero to 0.09 mg/L. The 
median concentration was 0.03 mg/L. The data are shown 
graphically in Figure 40.
Iron. The iron concentrations varied considerably with 
time for the Little Rock site as shown in Figure 41. The 
maximum concentration measured was 1.11 mg/L. This occurred 
on January 11th, 1989. The average concentration was 0.20 
mg/L with the smallest concentration measured being less 
than 0.01 mg/L. The median concentration was 0.20 mg/L.
Manganese. The largest manganese concentration 
measured at the Little Rock sampling site was 0.11 mg/L. 
The average concentration was 0.05 mg/L with the smallest 
concentrations being below the detectable limits of the test 
procedure used. The median concentration was 0.05 mg/L. 
The data are shown in Figure 42.
Nickel. Considerable variation in the nickel 
concentrations in the river water was apparent. The average
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Figure 39. Graph Of Calcium/Total Hardness Ratio Versus Time For 
The Little Rock Site.
Calcium/Total Hardness Ratio vs. Time
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Figure 40. Graph Of Copper Versus Time For The Little Rock Site.
Copper vs. Time
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Iron vs. Time
Figure 41. Graph Of Iron Versus Time For The Little Rock Site.
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Figure 42. Graph Of Manganese Versus Time For The Little Rock Site.
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nickel concentration was 0.05 mg/L with the maximum concen­
tration measured being 0.12 mg/L. The median concentration 
was 0.04 mg/L. Six of the thirty-one samples had nickel 
concentrations less than the detection limit of the test 
procedure used. The nickel concentrations are shown graphi­
cally in Figure 43.
Lead. The maximum lead concentration measured at the 
Little Rock site was 40 micrograms per liter. The lead 
concentrations exceeded 20 micrograms per liter only twice 
during the sampling period.
Zinc. The zinc concentrations were somewhat surprising 
in that twice relatively large concentrations of zinc were 
found. The maximum concentration measured was 4.0 mg/L on 
January 11th, 1989. A second large spike was measured in 
the sample collected on November 1st, 1988. The average 
concentration was 0.29 mg/L, but this value is somewhat 
misleading because the zinc concentrations in only three 
samples were significant. The median concentration was 0.01 
mg/L. The zinc data are shown in Figure 44.
Sodium. Data for sodium are shown in Figure 45. The 
average concentration was 73 mg/L with the range from 12 to 
140 mg/L. The median concentration was 76 mg/L. As would 
be expected, based on the chloride data, the sodium concen­
trations varied with time. The smaller concentrations 
occurred during the winter months and the larger concentra­
tions in the late summer and fall months.
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Figure 44. Graph Of Zinc Versus Time For The Little Rock Site.
Zinc vs. Time
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Figure 45. Graph Of Sodium Versus Time For The Little Rock Site.
Sodium vs. Time
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Sodium Adsorption Ratio. Figure 46 shows the calculated 
sodium adsorption ratio values. As can be seen from the 
figure, there was considerable variation in the sodium 
adsorption ratio values. The values ranged from 0.7 to 4.5 
with an average of 2.6. The median sodium adsorption ratio 
was 3.67.
Sulfate. The sulfate data are shown in Figure 47. As 
shown by the figure, there was some variation in the sulfate 
concentrations during the sampling period. The larger 
concentrations occurred in the fall months of 1988. The 
average and median sulfate concentrations were 92 and 89 
mg/L, respectively. The concentrations ranged from 48 to 
150 mg/L.
Suspended Solids. The average suspended solids 
concentration was 21 mg/L. The concentrations ranged from 5 
to 50 mg/L as shown in Figure 48. The median concentration 
was 15 mg/L.
Total Dissolved Solids. The average total dissolved 
solids concentration at the Little Rock site was 330 mg/L 
with a range from 71 to 670 mg/L. The median concentration 
was 345 mg/L. The concentrations varied considerably as a 
function of time as shown in Figure 49. The smaller concen­
trations generally occurred during the winter months and the 
larger concentrations during the fall months.
Turbidity. The average turbidity value was 17 turbidity 
units. Turbidity varied from 1 to 64 turbidity units during 
the sampling period. The median concentration was 10 units.
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Figure 46. Graph Of The Sodium Adsorption Ratio Versus Time For 
The Little Rock Site.
Sodium Adsorption Ratio vs. Time
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Figure 47. Graph Of Sulfate Versus Time For The Little Rock Site.
Sulfate vs. Time
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Figure 48. Graph Of Suspended Solids Versus Time For The 
Little Rock Site.
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Figure 49. Graph Of Total Dissolved Solids Versus Time For The 
Little Rock Site.
Total Dissolved Solids vs. Time
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Considerably more variation in the turbidity values was 
evident during the latter half of the sampling period than 
in the first half. The data are shown in Figure 50. 
Pine Bluff. Sample collection at the Pine Bluff site 
commenced in August, 1987 and continued through July, 1989. 
The samples were collected from the downstream side of the 
Highway 79 bridge.
Chemical Oxygen Demand. The average chemical oxygen 
demand concentration in the samples collected at the Pine 
Bluff site was 10 mg/L with a range from nearly zero to 31 
mg/L. The median concentration was 9.0 mg/L. These data 
are shown graphically in Figure 51. As shown by the figure, 
the chemical oxygen demand concentrations were relatively 
constant with only three measurements exceeding 20 mg/L.
Chloride. The average chloride concentration at this site 
was 107 mg/L with a range from 28 to 225 mg/L. The median 
concentration was 120 mg/L. These data are shown in Figure 
52. As shown by the figure, the chloride concentrations 
were cyclical with the larger concentrations generally 
occurring in the fall months and the smaller concentrations 
occurring in the winter and early spring. The average 
chloride concentration at this site was about 21 mg/L less 
than the average concentrations for the Little Rock and 
Dardanelle sampling sites.
Coliform. Figure 53 shows the number of coliform 
organisms per 100 mL of sample for the Pine Bluff sampling 
site. The number of organisms ranged from zero, or near
81
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Turbidity vs. Time
Figure 50. Graph Of Turbidity Versus Time For The Little Rock Site.
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Figure 51. Graph Of Chemical Oxygen Demand Versus Time For The 
Pine Bluff Site.
83
Chemical Oxygen Demand vs. Time
PINE BLUFF
C
hl
or
id
e,
 m
g/
L
Figure 52. Graph Of Chloride Versus Time For The Pine Bluff Site.
Chloride vs. Time
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Figure 53. Graph Of Coliform Versus Time For The Pine Bluff Site.
Coliform vs. Time
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zero, to 410 coliforms per 100 mL. The average and median 
numbers of organisms per 100 mL were 72 and 40, respec­
tively. Of particular note was the fluctuation in the 
number of organisms observed during the winter and early 
spring months of 1989. The number of organisms were rela­
tively constant prior to and following this period.
Hardness. Both calcium and total hardness varied with 
time. The smaller concentrations generally occurred in the 
winter and spring months with the larger concentrations 
during the fall months. The average concentrations were 103 
and 162 mg/L for calcium and total hardness, respectively. 
The median calcium and total hardness concentrations were 
109 and 154 mg/L, respectively. Both the calcium and total 
hardness concentrations are expressed as CaCO3. The calcium 
hardness concentrations ranged from 42 to 156 mg/L. The 
range for the total hardness concentrations was from 75 to 
270 mg/L. These data are shown in Figure 54.
The average calcium to total hardness ratio was 0.64 
percent. The ratio ranged from 0.40 to 0.84 and was gener­
ally smaller during the fall months and larger during the 
winter months. Figure 55 shows the calcium to total hard­
ness ratio graphically.
Heavy Metals. The barium and mercury concentrations in 
the samples collected at the Pine Bluff site were all below 
the detection limits of the test procedure used. The 
cadmium concentrations were generally below the detection 
limits. However, one sample contained 0.03 mg/L of cadmium.
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Figure 54. Graph Of Hardness Versus Time For The Pine Bluff Site.
Hardness vs. Time
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Figure 55. Graph Of Calcium/Total Hardness Ratio Versus Time For 
The Pine Bluff Site.
Calcium/Total Hardness Ratio vs. Time
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Copper. The average copper concentration was 0.07 mg/L 
with a range from less than 0.01 to 0.22 mg/L. The median 
concentration was 0.06 mg/L. The data are shown graphically 
in Figure 56. There was an apparent trend for decreasing 
copper concentration as a function of time.
Iron. The iron concentrations varied considerably with 
time for the Pine Bluff site as shown in Figure 57. The 
average and median concentrations were 0.37 and 0.34 mg/L, 
respectively. The iron concentrations ranged from less than 
0.01 to 1.66 mg/L.
Manganese. The largest manganese concentration 
measured at the Pine Bluff sampling site was 0.12 mg/L. The 
average concentration was 0.06 mg/L with the smallest 
concentrations being below the detectable limits of the test 
procedure used. The median concentration was 0.05 mg/L. 
The data are shown in Figure 58.
Nickel. Considerable variation in the nickel 
concentrations in the river water was apparent, particularly 
during the first few months of the sampling period. The 
average nickel concentration was 0.06 mg/L with the maximum 
concentration measured being 0.24 mg/L. The median concen­
tration was 0.04 mg/L. On four occasions the nickel concen­
tration in the samples were below the detectable limits of 
the test procedure used. The data are shown in Figure 59.
Lead. The maximum lead concentration measured at the 
Pine Bluff site was 40 micrograms per liter. The lead
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Figure 56. Graph Of Copper Versus Time For The Pine Bluff Site.
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Figure 57. Graph Of Iron Versus Time For The Pine Bluff Site.
Iron vs. Time
91
PINE BLUFF
M
an
ga
ne
se
. m
g/
L
Figure 58. Graph Of Manganese Versus Time For The Pine Bluff Site.
Manganese vs. Time
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Figure 59. Graph Of Nickel Versus Time For The Pine Bluff Site.
Nickel vs. Time
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concentrations exceeded 20 micrograms per liter only twice 
during the sampling period.
Zinc. The average concentration of zinc measured in 
the Pine Bluff samples was 0.07 mg/L, but this figure is 
somewhat misleading because the zinc concentrations in three 
samples raised the average considerably. The zinc concen­
trations exceeded 0.3 mg/L on three occasions and exceeded 
0.02 mg/L on only four occasions. The median concentration 
was 0.03 mg/L. The data are shown in Figure 60.
Sodium. Data for sodium are shown in Figure 61. The 
average concentration was 67 mg/L with the range from 12 to 
148 mg/L. The median concentration was 68 mg/L. As would 
be expected based on the chloride data, the sodium concen­
trations were cyclical with a pattern similar to that for 
chloride. The smaller concentrations occurred during the 
winter months and the larger concentrations in the late 
summer and fall months.
Sodium Adsorption Ratio. Figure 62 shows the calculated 
sodium adsorption ratio values as a function of time. As 
can be seen from the figure, the sodium adsorption ratio 
values varied considerably during the sampling period. The 
values ranged from 0.75 to 5.0 with an average of 2.0. The 
median sodium adsorption ratio was 2.12. The smaller sodium 
adsorption ratio values generally occurred during the winter 
months and the larger values during the fall months.
Sulfate. The sulfate data are shown in Figure 63. As 
shown by the figure, there was some variation in the sulfate
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Figure 60. Graph Of Zinc Versus Time For The Pine Bluff Site.
Zinc vs. Time
95
S
od
iu
m
. m
g/
L
PINE BLUFF
Figure 61. Graph Of Sodium Versus Time For The Pine Bluff Site.
Sodium vs. Time
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Figure 62. Graph Of The Sodium Adsorption Ratio Versus Time For 
The Pine Bluff Site.
Sodium Adsorption Ratio vs. Time
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Figure 63. Graph Of Sulfate Versus Time For The Pine Bluff Site.
Sulfate vs. Time
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concentrations during the sampling period, but less than for 
chloride. The larger concentrations occurred in the fall 
months of 1988 and the smaller concentrations during the 
winter and early spring months. The average sulfate concen­
tration was 77 mg/L. The concentrations ranged from 11 to 
156 mg/L. The median concentration was 79 mg/L.
Suspended Solids. The average suspended solids 
concentration was 27 mg/L. The suspended solids concentra­
tions ranged from 3 to 94 mg/L in the samples collected 
during the sampling period. The median concentration was 22 
mg/L. Figure 64 provides a graphical illustration of the 
suspended solids data.
Total Dissolved Solids. The average total dissolved 
solids concentration at the Pine Bluff site was 320 mg/L 
with a range from 100 to 710 mg/L. The median concentration 
was 307 mg/L. The concentrations varied considerably as a 
function of time as shown in Figure 65. The smaller concen­
trations generally occurred during the winter months and the 
larger concentrations during the fall months.
Turbidity. The average turbidity value was 25 turbidity 
units. Turbidity varied from 2 to 100 turbidity units 
during the sampling period. The mean concentration was 16 
turbidity units. The turbidity values generally varied more 
during the first part of the sampling period than in the 
latter part. The data are shown in Figure 66.
Lee Creek. The actual sampling location for the Lee Creek 
samples was the first railroad bridge upstream from the
99
PINE BLUFF
S
us
pe
nd
ed
 S
ol
id
s.
 m
g/
L
Figure 64. Graph Of Suspended Solids Versus Time For The 
Pine Bluff Site.
Suspended Solids vs. Time
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Figure 65. Graph Of Total Dissolved Solids Versus Time For The 
Pine Bluff Site.
Total Dissolved Solids vs. Time
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Figure 66. Graph Of Turbidity Versus Time For The Pine Bluff Site.
Turbidity vs. Time
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confluence of Lee Creek with the Arkansas River. The site 
is about one-quarter mile upstream from the mouth of Lee 
Creek. Samples at the Lee Creek site were collected from 
August 10th, 1988 through July, 1989.
Chemical Oxygen Demand. The chemical oxygen demand 
concentrations in the samples collected from the Lee Creek 
site are shown in Figure 67. As shown by the figure, there 
was some variation in the chemical oxygen demand concentra­
tions with time. The average chemical oxygen demand concen­
tration was 11 mg/L with the range from less than 1 to 43 
mg/L. The median concentration was 11.3 mg/L. The largest 
chemical oxygen demand concentration measured was in the 
first sample collected. The chemical oxygen demand concen­
trations in the remaining samples were relatively constant.
Chloride. The average and median chloride concentrations 
at this sampling site were 112 and 60 mg/L, respectively. 
The concentrations ranged from 7 to 265 mg/L as shown in 
Figure 68. The chloride concentrations were relatively 
large during the late summer and fall months of 1988 and 
were relatively small during the winter, spring and early 
summer months of 1989. Increases in the chloride concentra­
tions were observed during the late summer months of 1989.
Coliform. Figure 69 shows the number of coliform 
organisms per 100 mL of sample for the Lee Creek site. The 
average number of organisms was 82 per 100 mL. The median 
number of organisms per 100 mL was 50. The range was from 
zero to 370 organisms per 100 mL.
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Figure 67. Graph Of Chemical Oxygen Demand Versus Time For The 
Lee Creek Site.
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Figure 68. Graph Of Chloride Versus Time For The Lee Creek Site.
Chloride vs. Time
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Figure 69. Graph Of Coliform Versus Time For The Lee Creek Site.
Coliform vs. Time
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Hardness. Figure 70 provides a graphical illustration of 
the calcium hardness and total hardness as a function of 
time for the Lee Creek site. As shown by the figure, the 
hardness is predominantly calcium. The average total 
hardness concentration was 155 mg/L with a range from 41 to 
255 mg/L. The median total hardness concentration was 160 
mg/L. The calcium hardness ranged from 17 to 165 mg/L with 
an average concentration of 94 mg/L. The median calcium 
hardness concentration was 104 mg/L.
The calcium to total hardness ratio varied with the 
total hardness averaging 58.2 percent calcium and 41.8 
percent magnesium. The ratio varied from 0.36 to 0.79 as 
shown in Figure 71.
Heavy Metals. Analyses were conducted at the Lee Creek 
site for barium, cadmium, copper, iron, manganese, mercury, 
nickel, lead and zinc. The barium, cadmium and mercury 
concentrations were all less than the detection limit of the 
test procedure used.
Copper. The average copper concentration was 0.05 
mg/L. The copper values ranged from less than 0.01 to 0.10 
mg/L. The median concentration was 0.04 mg/L. These data 
are shown in Figure 72. The copper concentrations were 
relatively consistent throughout the sampling period.
Iron. Data for iron are shown in Figure 73. The 
average concentration was 0.19 mg/L with a range from 0.03 
to 0.41 mg/L. The median concentration was 0.19 mg/L.
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Figure 70. Graph Of Hardness Versus Time For The Lee Creek Site.
Hardness vs. Time
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Figure 71. Graph Of Calcium/Total Hardness Ratio Versus Time For 
The Lee Creek Site.
Calcium/Total Hardness Ratio vs. Time
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Figure 72. Graph Of Copper Versus Time For The Lee Creek Site.
Copper vs. Time
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Figure 73. Graph Of Iron Versus Time For The Lee Creek Site.
Iron vs. Time
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There was a considerable variation in the iron concentra­
tions with time at this site.
Lead. The maximum lead concentration measured in the 
samples collected at the Lee Creek site was 30 micrograms 
per liter. Generally, the lead concentrations were below 
the detection limits of the test procedure used.
Manganese. The average and median manganese 
concentrations at the Dardanelle site were 0.06 and 0.06 
mg/L, respectively. The concentrations ranged from 0.01 to 
0.12 mg/L as shown in Figure 74. The manganese concentra­
tions were relatively consistent throughout the sampling 
period. However, there appeared to be a trend of decreasing 
concentrations during the winter and spring months of 1989.
Nickel. The nickel concentrations are portrayed 
graphically in Figure 75. The average concentration was 
0.05 mg/L with the concentrations ranging from less than the 
detection limit to 0.13 mg/L. The median concentration was 
0.05 mg/L.
Zinc. One noticeable spike in the zinc concentrations 
was evident in the Lee Creek samples. This occurred in the 
sample collected in early December, 1988. The maximum 
concentration was 0.46 mg/L. The average concentration was 
0.05 mg/L with concentrations ranging from less than the 
detection limit to 0.46 mg/L. The median concentration was 
0.05 mg/L. The data are shown graphically in Figure 76. 
Sodium. Sodium varied considerably during the sampling 
period ranging from 1 to 175 mg/L. The median and average
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Figure 74. Graph Of Manganese Versus Time For The Lee Creek Site.
Manganese vs. Time
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Figure 75. Graph Of Nickel Versus Time For The Lee Creek Site.
Nickel vs. Time
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Figure 76. Graph Of Zinc Versus Time For The Lee Creek Site.
Zinc vs. Time
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concentrations were 29 and 70 mg/L, respectively. The data 
are shown in Figure 77.
Sodium Adsorption Ratio. The average sodium adsorption 
ratio value was 2.13. The values ranged from 0.05 to 4.82. 
The median sodium adsorption ratio was 4.23. The larger 
sodium adsorption ratio values occurred during the summer 
and fall months and the smaller values during the winter and 
spring months. The sodium adsorption ratio values for over 
one-half of the samples was less than 1.5. The data are 
shown in Figure 78.
Sulfate. The sulfate concentrations are shown in Figure 
79 as a function of time. The average concentration was 86 
mg/L. The range was from 8 to 155 mg/L. The median concen­
tration was 100 mg/L.
Suspended Solids. The suspended solids concentrations 
were relatively low. The average and median concentrations 
were 17 and 17 mg/L, respectively. The values ranged from 7 
to 24 mg/L. The data are shown in Figure 80.
Total Dissolved Solids. The total dissolved solids 
concentrations varied considerably during the sampling 
period ranging from 15 to 740 mg/L. The average total 
dissolved solids concentration was 325 mg/L. The median 
concentration was 253 mg/L. These data are shown in Figure 
81.
Turbidity. The turbidity values were relatively small. 
The average turbidity was 13 turbidity units. The turbidity
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Figure 77. Graph Of Sodium Versus Time For The Lee Creek Site.
Sodium vs. Time
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Figure 78. Graph Of The Sodium Adsorption Ratio Versus Time For 
The Lee Creek Site.
Sodium Adsorption Ratio vs. Time
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Figure 79. Graph Of Sulfate Versus Time For The Lee Creek Site.
Sulfate vs. Time
119
LEE CREEK
S
us
pe
nd
ed
 S
ol
id
s,
 m
g/
L
Figure 80. Graph Of Suspended Solids Versus Time For The Lee 
Creek Site.
Suspended Solids vs. Time
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Figure 81. Graph Of Total Dissolved Solids Versus Time For The 
Lee Creek Site.
Total Dissolved Solids vs. Time
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values ranged from 2 to 25 units. The median was 12 turbi­
dity units. These data are shown graphically in Figure 82. 
Synthetic And Volatile Organic Chemicals
With respect to the organics parameters, the analytical 
procedures used were Methods 508, 524 and 525 or Methods 
608, 624 and 625 depending on the certification of the 
particular laboratory conducting the analyses. These 
methods yield data for pesticides, volatile organic chemi­
cals and synthetic organic chemicals (semivolatile organic 
chemicals).
The pesticide and polychlorinated byphenyl compound 
parameters and the detection limits, as reported by Daily 
Analytical Services, are listed in Table III. Duplicate 
samples used for quality assurance purposes were analyzed by 
both Daily Analytical Services and American Interplex. The 
detection limits for the samples analyzed by American 
Interplex are listed in Table IV.
Table V provides a list of the synthetic organic chemi­
cals (semivolatiles) for which analyses were conducted at 
the Van Buren site. The parameters and detection limits for 
the analyses conducted by American Interplex are included in 
Table VI.
Table VII includes a list of the volatile organic chemi­
cals and their detection limits as reported by Daily Analyt­
ical Services. Table VIII includes a similar list of parame­
ters and detection limits as reported by American Interplex.
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Figure 82. Graph Of Turbidity Versus Time For The Lee Creek Site.
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Maximum contaminant levels have not been established for 
drinking water for any of the four compounds which were 
present in concentrations exceeding the detection limit of 
the test procedure used.
Of about 21,170 organic compound values reported by the 
private laboratories, only five compounds with concentra­
tions equalling or exceeding the detection limits of the 
test procedure used. These were as follows:
Date Compound Concentration 
(micrograms /liter)
Site
Jan 89 Methylene chloride 5 LC
Feb 89 Acetone 35 LR
Feb 89 bis(2-ethyl-hexyl)phthalate 17 LR
Feb 89 bis(2-ethyl-hexyl)phthalate 10 D
Feb 89 Di-n-butylphthalate 14 LR
* LR - Little Rock 
D - Dardanelle 
LC - Lee Creek
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Table III
List Of Pesticide/PCB Parameters 
Daily Analytical Services, Inc. 
(micrograms per liter)
Detection
Compound Limit
alpha-BHC <0.05
beta-BHC <0.05
delta-BHC <0.05
gamma-BHC (Lindane) <0.05
Heptachlor <0.05
Aldrin <0.05
Heptachlor epoxide <0.05
Endosulfan I <0.05
Dieldrin <0.10
4,4'-DDE <0.10
Endrin <0.10
Endosulfan II <0.10
4,4'-DDD <0.10
Endosulfan sulfate <0.10
4,4'-DDT <0.10
Endrin aldehyde <0.10
Methoxychlor <0.50
alpha-Chlordane <0.50
gamma-Chlordane <0.50
Toxaphene <0.50
Arochlor-1016 <1.00
Arochlor-1221 <0.50
Arochlor-1232 <0.50
Arochlor-1242 <0.50
Arochlor-1248 <0.50
Arochlor-1254 <1.00
Arochlor-1260 <1.00
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Table IV
List Parameters (Method 608) 
American Interplex 
(micrograms per liter)
Compound
Detection 
Limit
Aldrin <0.05
a-BHC <0.05
B-BHC <0.05
d-BHC <0.05
y-BHC <0.05
Chlordane <0.50
4,4'-DDD <0.10
4,4'-DDE <0.10
4,4'-DDR <0.10
Dieldrin <0.10
Endosulfan I <0.05
Endosulfan II <0.10
Endosulfan sulfate <0.10
Endrin <0.10
Endrin aldehyde <0.10
Heptachlor <0.05
Heptachlor epoxide <0.05
Toxaphene <1.00
PCB-1016 <0.50
PCB-1221 <0.50
PCB-1232 <0.50
PCB-1242 <0.50
PCB-1248 <0.50
PCB-1254 <0.50
PCB-1260 <0.50
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Table V
List Of Semivolatile Organic Parameters 
Daily Analytical Services, Inc. 
(micrograms per liter)
Detection
Compound Limit
n-Nitrosodimethylamine <10
Phenol <10
bis(2-Chloroethyl)ether <10
2-Chlorophenol <10
1,3-Dichlorobenzene <10
1,4-Dichlorobenzene <10
Benzyl alcohol <10
1,2-Dichlorobenzene <10
2-Methylphenol <10
bis(2-Chloroisopropyl)ether <10
4-Methylphenol <10
n-Nitrosodipropylamine <10
Hexachloroethane <10
Nitrobenzene <10
Isophorone <10
2-Nitrophenol <50
2,4-Dimethylphenol <10
Benzoic acid <50
bis(2-Chloroethoxy)methane <10
2,4-Dichlorophenol <10
1,2,4-Trichlorobenzene <10
Napthalene <10
4-Chloroaniline <10
Hexachlorobutadiene <10
4-Chioro-3-methylphenol <10
2-Methylnaphthalene <10
Hexchlorocyclopentadiene <10
2,4,6-Trichlorophenol <10
2,4,5-Trichlorophenol <50
2-Chloronaphthalene <10
2-Nitroaniline <50
Dimethylphthalate <10
Acenaphthylene <10
2-6-Dinitrotoluene <10
3-Nitroaniline <50
Acenaphthene <10
2,4-Dinitrophenol <50
4-Nitrophenol <50
Dibenzofuran <10
2,4-Dinitrotoluene <10
Diethylphthalate <50
4-Chlorophenyl-phenylether <10
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Table V (Cont'd)
List Of Semivolatile Organic Parameters 
Daily Analytical Services, Inc. 
(micrograms per liter)
Detection
Compound Limit
Fluorene
4-Nitroaniline
4,6-Dinitro-2-methylphenol
1,2-Diphenylhydrazine
N-Nitrosodiphenylamine
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene
Anthracene
Di-n-butylphthalate 
Fluoranthene
Pyrene
Benzidine
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo(a)anthracene 
Crysene
Bis(2-Ethylhexyl)phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene
<10 
<50 
<50 
<10 
<10 
<10 
<10 
<50 
<10 
<10 
<10 
<10 
<10 
<80 
<10 
<20 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10
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Table VI
List Of Semivolatile Organic Parameters 
American Interplex 
(micrograms per liter)
Compound
Detection 
Limit
n-Nitrosodimethylamine <10
Phenol <10
Aniline <10
bis(2-Chloroethyl)ether <10
2-Chlorophenol <10
1,3-Dichlorobenzene <10
1,4-Dichlorobenzene <10
Benzyl alcohol <10
1,2-Dichlorobenzene <10
2-Methylphenol <10
bis(2-Chloroisopropyl)ether <10
4-Methylphenol <10
n-Nitrosodipropylamine <10
Hexachloroethane <10
Nitrobenzene <10
Isophorone <10
2-Nitrophenol <10
2,4-Dimethylphenol <10
Benzoic Acid <50
bis(2-Chloroethoxy)Methane <10
2,4-Dichlorophenol <10
1,2,4-Trichlorobenzene <10
Napthalene <10
4-Chloroaniline <10
Hexachlorobutadiene <10
4-Chloro-3-Methylphenol <10
2-Methylnaphthalene <10
Hexchlorocyclopentadiene <10
2,4,6-Trichlorophenol <10
2,4,5-Trichlorophenol <50
2-Chloronaphthalene <10
2-Nitroaniline <50
Dimethyl Phthalate <10
Acenaphthylene <10
3-Nitroaniline <50
Acenaphthane <10
2,4-Dinitrophenol <50
4-Nitrophenol <50
Dibenzofuran <10
2,4-Dinitrotoluene <10
2,6-Dinitrotoluene <10
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Table VI (Cont'd)
List Of Semivolatile Organic Parameters 
American Interplex 
(micrograms per liter)
Compound
Detection 
Limit
Diethylphthalate <10
4-Chlorophenyl --phenylether <10
Fluorene <10
4-Nitroaniline <50
4,6-Dinitro-2-Methylphenol <50
N-Nitrosodiphenylamine (1) <10
4-Bromophenyl-phenylether <10
Hexachlorobenzene <10
Pentachlorophenol <50
Phenanthrene <10
Anthracene <10
Di-n-butylphthalate <10
Fluoranthene <10
Benzidine <10
Pyrene <10
Butylbenzylphthalate 
3,3'-Dichlorobenzidine
<10
<20
Benzo(a)anthracene <10
Bis(2-Ethylhexyl)phthalate <10
Crysene <10
Di-n-octyl Phthalate <10
Benzo(b)fluoranthene <10
Benzo(k)fluoranthene <10
Benzo(a)pyrene <10
Indeno(1,2,3-cd)Pyrene <10
Dibenz(a,h)Anthracene 
Benzo(g,h,i)perylene
<10
<10
Alpha-BHC <1
Beta-BHC <1
Delta-BHC <1
Gamma-BHC (Lindane) <1
Heptachlor <1
Aldrin <1
Heptachlor epoxide <1
Endosulfan I <1
Dieldrin <2
4,4'-DDE <2
Endrin <2
Endosulfan II <2
4,4'-DDD <2
Endrin aldehyde <2
Endosulfan Sulfate <2
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Table VI (Cont'd)
List Of Semivolatile Organic Parameters 
American Interplex 
(micrograms per liter)
Detection
Compound Limit
Endosulfan Sulfate <2 
4,4'-DDT <2 
Methoxychlor <10 
Endrin Ketone <2 
Chlordane <10 
Toxaphene <10 
Arochlor-1016 <10 
Arochlor-1221 <10 
Arochlor-1232 <10 
Arochlor-1242 <10 
Arochlor-1248 <10 
Arochlor-1254 <10 
Arochlor-1260 <10
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Table VII
List Of Volatile Organic Parameters 
Daily Analytical Services, Inc. 
(micrograms per liter)
Detection
Compound Limit
Chloromethane 
Vinyl Chloride 
Bromomethane 
Chloromethane 
Trichlorofluoromethane 
Acrolein
1,1- Dichloroethene 
Acetone
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethane 
Acrylonitrile
1,1- Dichloroethane 
Vinyl Acetate 
2-Butanone (MEK) 
cis-1,2-Dichloroethene 
Chloroform
1,1,1- Trichloroethane 
Carbon Tetrachloride 
Benzene
1,2- Dichloroethane 
Trichloroethene
1,2- Dichloropropane 
Bromodichloromethane
4-Methyl-2-Pentanone (MIBK) 
cis-1,3-Dichloropropene 
Toluene 
trans-1,3-Dichloropropene
1,1,2- Trichloroethane 
2-Hexanone (MBK) 
Tetrachloroethene 
Dibromochloromethane 
Chlorobenzene 
Ethylbenzene
1,1,1,2- Tetrachloroethane 
Total Xylenes
Styrene 
Bromoform
1,1,2,2- Tetrachloroethane
1,3- Dichlorobenzene
1,4- Dirchlorobenzene
1,2- Dichlorobenzene
<10 
<10 
<10 
<10
<5 
<50
<5 
<10
<5 
<5 
<5 
<50
<5 
<10 
<10 
<10
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<10
<5 
<5 
<5 
<5 
<10
<5 
<5 
<5 
<5 
<5 
<15
<5 
<5 
<5 
<5 
<5 
<5
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Table VIII
List Of Volatile Organic Parameters 
American Interplex 
(micrograms per liter)
Compound
Detection 
Limit
Chloromethane <20
Bromomethane <20
Vinyl Chloride <20
Cloroethane <20
Methylene Chloride <10
Acetone <20
Carbon Disulfide <10
1,1-Dichloroethene <10
1,1-Dichloroethane <10
Trans-1,2-Dichloroethene <10
Chloroform <10
1,2-Dichloroethane <10
2-Butanone <20
1,1,1-Trichloroethane <10
Carbon Tetrachloride <10
Vinyl Acetate <20
Bromodichioromethane <10
1,1,2,2-Tetrachloroethane <10
1,2-Dichloropropane <10
Trans-1,2-Dichloropropene <10
Trichloroethene <10
Dibromochloromethane <10
1,1,2-Trichloroethane <10
Benzene <10
cis-1,3-Dichloropropene <10
2-Chioroethylvinylether <10
Bromoform <10
2-Hexanone <20
4-Methyl-2-Pentanone <20
Tetrachloroethene <10
Toluene <10
Chlorobenzene <10
Ethylbenzene <10
Styrene <10
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Chapter IV 
SUITABILITY EVALUATION
The tests for the suitability of the Arkansas River as a 
source of agricultural, industrial and municipal water 
supplies are use dependent. That is, the water quality 
requirements vary with the intended use of the water. For 
municipal water supply purposes, existing and proposed 
maximum contaminant levels for drinking water were used as 
the criteria by which the river water quality was assessed. 
Water used in industrial applications varies tremendously 
with respect to quality requirements. Consequently, several 
reference frames were used in determining the suitability of 
Arkansas River water for use in industrial applications. 
Reference frames used for assessing the suitability of 
Arkansas River water for agricultural purposes were for 
irrigation applications and for farmstead uses. The refer­
ence frames are discussed in more detail in the appropriate 
sections of this chapter. 
Municipal Uses 
Background. Passage of the Safe Drinking Water Act of 1974 
required that the Environmental Protection Agency establish 
national regulations for drinking water. Prior to passage 
of this act, the responsibility for establishing drinking 
water regulations for water used in intrastate activities 
rested with state and local regulatory agencies. Water used
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in certain interstate activities was regulated by Public 
Health Service standards.
Interim Primary Drinking Water Regulations. In 1975, the 
Environmental Protection Agency published Interim Primary 
Drinking Water Regulations in response to the requirements 
of the Safe Drinking Water Act. These became effective in 
June of 1977. The quality parameters and maximum contami­
nant levels for the interim regulations are listed in Table 
IX. The term maximum contaminant level as used in this 
table is a "not to exceed" concentration. Except for 
turbidity, the maximum contaminant levels are for water at 
the customer's service. The turbidity value applies to 
water at the entry point in the water distribution system.
Trihalomethanes. There have been several changes proposed 
since the interim regulations were adopted. The first 
substantial change in the primary drinking water regulations 
involved trihalomethanes. The proposed regulation for 
trihalomethanes was published in 1978. The proposed regula­
tion was revised, adopted and became effective in 1980 with 
respect to monitoring requirements for larger community 
water systems. That is, the requirement for monitoring 
trihalomethanes for community water systems serving 75,000 
customers, or more, became effective in 1980. For such 
systems, the maximum contaminant level became effective in 
1981. For community water systems with between 10,000 and 
74,999 customers, the monitoring requirement went into
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effect in 1982 and the maximum contaminant level became 
effective in 1983.
The current maximum contaminant level for total trihalo­
methanes is 0.10 milligram per liter (100 micrograms per 
liter). The maximum contaminant level for total trihalo- 
methanes is applicable to the customer's tap since trihalo­
methanes can be formed in the distribution system as a 
result of chlorination.
By definition, the trihalomethanes are structural 
variations of the methane molecule (CH4) in which one or 
more of the four halogen atoms are substituted for one or 
more of the hydrogen atoms. The four halogen atoms are 
bromine, chlorine, fluorine and iodine. Consequently, there 
are several compounds which can contribute to the trihalo­
methane concentration in water. The most frequently occur­
ring compounds, however, are chloroform (CHCl3), bromodich­
loromethane (CHBrCl2), dibromochloromethane (CHBr2Cl), 
bromoform (CHBr3), bromochloroidomethane (CHCL2I), and 
bromochioroidomethane (CHIBrCl) (4).
Additional changes in the primary drinking water stan­
dards have been proposed since the interim regulations were 
adopted. Among these are changes in the total coliform 
rule, the fecal coliform positive sample, the number of 
repeat samples, disinfection residual, turbidity, and CT 
values.
- 136 -
Table IX
National Interim Primary 
Drinking Water Regulations
* Temperature dependent
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Constituent
Maximum 
Contaminant Level
Inorganic Chemicals
Arsenic 
Barium 
Cadmium 
Chromium (Total) 
Fluoride 
Lead 
Mercury 
Nitrate (N) 
Selenium 
Silver
0.05 mg/L 
1 mg/L 
0.010 mg/L 
0.05 mg/L 
1.4-2.4 mg/L*
0.05 mg/L 
0.002 mg/L 
10 mg/L 
0.01 mg/L 
0.05 mg/L
Organic Chemicals
Chlorinated hydrocarbons 
Endrin 
Lindane
Methoxychlor
Toxaphene
Chlorophenoxys
2,4—D 
2,4,5-TP Silvex
0.0002 mg/L 
0.0002 mg/L 
0.004 mg/L 
0.1 mg/L 
0.005 mg/L
0.1 mg/L 
0.01 mg/L
Physical Parameters
Turbidity 1 TU
Radioactivity
Gross alpha 
Radium-226 and 228 
Tritium 
Strontium 90
15 pCi/L
5 pCi/L 
20,000 pCi/L
8 pCi/L
Bacteriological factors
Coliform bacteria (per 100 mL) 1 count/100 mL
Synthetic And Volatile Organic Chemicals. Maximum 
contaminant levels have also been established for eight 
volatile organic chemicals. The volatile organic chemicals 
and their maximum contaminant levels are shown in Table X. 
It is anticipated that other compounds will be added to this 
list.
Table X
Maximum Contaminant Levels 
For
Selected Volatile Organic Chemicals
Constituent
Maximum 
Contaminant Level 
(mg/L)
Benzene 
Carbon tetrachloride 
1,2-Dichloroethane 
Trichloroethylene 
para-Dichlorobenzene
1,1- Dichloroethylene
1,1,1- Trichloroethane 
Vinyl chloride
0.005
0.005
0.005
0.005
0.075
0.007
0.20
0.002
In addition to the eight volatile organic chemicals for 
which maximum contaminant levels have been established, the 
Environmental Protection Agency has also established moni­
toring requirements for up to fifty-one other synthetic and 
volatile organic chemicals depending on circumstances. The 
monitoring requirements are divided into three categories. 
All community water systems and non-transient, non-community 
water systems are required to monitor for the contaminants 
shown in Table XI.
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Table XI
Special Organics Monitoring 
Requirements For All Systems
Parameter
Chloroform
Bromodichloromethane 
Chlorodibromomethane 
Bromoform
trans-1,2-Dichloroethylene 
Chlorobenzene
m-Dichlorobenzene 
Dichloromethane
cis-1,2-Dichloroethylene 
o-Dichlorobenzene 
Dibromomethane
1,1- Dichloropropene 
Tetrachloroethylene 
Toluene
p-Xylene 
o-Xylene 
m-Xylene
1,1- Dichloroethane
Parameter
1,2- Dichloropropane
1,1,2,2- Tetrachloroethane 
Ethylbenzene
1,3- Dichloropropane
Styrene
Chloromethane
Bromomethane
1,2,3- Trichloropropane
1,1,2,2- Tetrachloroethane 
Chloroethane
1,1,2-Trichloroethane
2,2-Dichloropropane 
o-Chlorotoluene 
p-Chlorotoluene
Bromobenze
1,3-Dichloropropene
* Ethylene dibromide (EDB)
* 1,2-Dibromo-3-chloropropane
(DBCP)
* Monitoring required only if the State determines the 
water system is vulnerable to contamination of either 
or both of these substances.
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Monitoring for the compounds listed in Table XII is 
required only if required at the discretion of the State 
regulatory agency. As adopted, the monitoring requirements 
were to become effective on January 1, 1988 for water 
systems serving greater than 10,000 people, on January 1, 
1989 for systems serving 3,300 to 10,000 people and on 
January 1, 1989 for systems serving less than 3,300 people. 
Monitoring requirements include quarterly samples for each 
ground and surface water source. Composite samples includ­
ing up to five sources were allowed. The frequency of 
repeat monitoring varies from quarterly to once each five 
years depending on several factors including the presence or 
absence of volatile organic chemicals in previous samples 
and the vulnerability of the system to contamination.
Table XII
Special Organics Monitoring 
Requirements At The Discretion Of The State
Parameter
1,2,4-Trimethylbenzene
1,2,4-Trichlorobenzene
1,2,3-Trichlorobenzene 
n-Propylbenzene 
n-Butylbenzene 
Napthalene 
Hexachlorobutadiene
1,3,5-Trimethylbenzene
Parameter
p-Isopropyltoluene 
Isopropylbenzene 
tert-Butylbenzene 
sec-Butylbenzene 
Fluorotrichloromethane 
Dichlorodifluoromethane 
Bromochloromethane
Secondary Drinking Water Regulations. The National
Secondary Drinking Water Standards were promulgated in 1979.
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These are shown in Table XIII. These regulations are goals 
(or recommendations) for drinking water. As such, they are 
not federally enforceable with respect to the context of 
maximum contaminant levels in the primary drinking water 
standards. States, however, can establish more strict 
drinking water regulations for the secondary standards. The 
secondary standards include parameters which generally 
affect one or more of the aesthetic properties of the water, 
such as appearance, taste, or odor.
Table XIII
National Secondary 
Drinking Water Regulations
Constituent
Maximum 
Contaminant Level
Chloride
Color
Copper
Corrosivity
Foaming Agents
Iron
Manganese
Odor
pH
Sulfate
Total Dissolved Solids
Zinc
*Threshold Odor Number
250 mg/L 
15 color units 
1 mg/L 
Noncorrosive 
0.5 mg/L 
0.3 mg/L 
0.05 mg/L
*3 TON 
6.5-8.5
250 mg/L 
500 mg/L 
5 mg/L
Suitability
Matters of policy with respect to drinking water sup­
plies have historically been the subject of much discussion 
and consideration. In the past, considered on a state-wide
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basis, Arkansas has had, and still does, a relative abun­
dance of water, especially when compared with the seventeen 
western states. Despite the relative abundance on a state­
wide basis, there have been shortages of water in several 
areas of the state for many years. Critical surface water 
areas identified by the Arkansas Soil and Water Conservation 
Commission in the State Water Plan include the Arkansas 
River valley, areas along the Fall line between Arkadelphia 
and Searcy, insufficient flow in streams such as Bayou Meto, 
Bayou Deview, Plum Bayou, Bayou Bartholomew, Bayou Macon and 
the Boeuf River during the summer months, and in the north­
west corner of the state.
It seems quite clear that surface water resources will 
have to be more fully utilized as the stress on the water 
resources in the state continues to increase. Although the 
water resources in Arkansas are much more abundant than in 
many of the seventeen western states where water conserva­
tion programs are becoming more firmly entrenched, there 
appears to be little doubt that conservation efforts will 
need to be implemented in Arkansas on a broader basis at 
some future time.
The assessment of the suitability of the Arkansas River 
water for use as a municipal water supply source is based on 
a variety of factors. Among these are current and proposed 
drinking water regulations, treatment costs, the need for 
additional water supply sources and availability of alterna­
tive supplies. From a technical viewpoint, there is little,
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if any, doubt that the Arkansas River can be used as a 
municipal water supply source. All of the large flowing 
watercourses in the United States are used as sources of 
municipal water supplies, including the Ohio, Mississippi, 
Colorado, Tennessee and others. The question of whether the 
Arkansas River in Arkansas is suitable for use as a water 
source for municipalities really relates to the treatment 
steps needed to assure an adequate and safe supply, and the 
cost of those treatment measures. For this reason, the 
discussion is presented by parameter for the constituents of 
primary interest.
Chloride. The water quality parameter which has been 
frequently discussed with respect to the Arkansas River is 
chloride. This concern has a basis in fact because the peak 
chloride concentrations in the river water have been very 
large at times in the past. However, the chloride concen­
trations have been greatly mitigated in the past two 
decades. Several factors have probably contributed to this 
mitigation. These include flow regulation by the reservoirs 
on the main stem of the river and its tributaries, pooling 
in the locks and dams and environmental regulations.
The chloride concentrations in the river water are 
clearly cyclical as a function of the time of year. The 
average concentrations did not change greatly with respect 
to location on the river during the sampling period. Figure 
83 provides a graphical illustration of the chloride concen­
trations for the four sampling sites on the main stem of the
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river and for Lee Creek. The average chloride concentra­
tions were 132, 128, 128 and 107 mg/L in the samples col­
lected at the Van Buren, Dardanelle, Little Rock and Pine 
Bluff sampling sites, respectively. Of the 181 samples 
analyzed for chloride on the main stem of the river, only 
two exceeded the secondary drinking water standard of 250 
mg/L. Both of these samples were collected at the Van Buren 
site. Thus, from the viewpoint of satisfying the recom­
mended limit of 250 mg/L, there would be no requirement for 
reducing the chloride concentrations in water extracted from 
the river for use as drinking water for nearly all of the 
year.
A variety of scenarios exist which would allow use of 
the river water for municipal purposes. These include 
blending of existing water supply sources with river water 
when the chloride concentrations in the river reach undesir­
able levels (if they do) and the use of either existing or 
newly constructed off-site storage during periods of low 
flows or higher than desired chloride concentrations in the 
river.
There are significant periods of time during the calen­
dar year when the chloride concentrations in the river water 
are small. If desired, water could be extracted from the 
river and stored for use during periods of low flow or 
during periods when the larger chloride concentrations exist 
in the river.
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Figure 83. Comparison Of The Chloride Concentrations At The 
Five Sampling Sites.
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Coliform. One of the measures of the bacteriological 
quality of water is the concentration of coliform organisms 
present. At the request of the Arkansas Department of 
Health, the coliform analyses were initiated with the 
February 24, 1988 samples. The average coliform counts for 
the four sites on the main stem of the river were 72, 47, 50 
and 72, respectively, for the Van Buren, Dardanelle, Little 
Rock and Pine Bluff sampling sites. These are within an 
acceptable range for a water supply source prior to treat­
ment.
Hardness. There have been several definitions of hardness 
as used in the context of municipal water supplies. The 
most broad definition is that hardness includes all multi­
valent metal cations, such as calcium, magnesium, iron, 
manganese, strontium, aluminum and chromium. A more narrow 
definition is that hardness includes all di-valent metal 
cations such as calcium, magnesium, reduced iron, reduced 
manganese and strontium. The definition most frequently 
used for municipal water supplies is that hardness is the 
sum of the calcium and magnesium (expressed on a comparable 
basis) in the water. As a practical matter, all three 
definitions yield approximately the same number in a treated 
water supply because the iron, manganese, strontium, chro­
mium and other multi-valent cation concentrations must be 
small for the water to be acceptable for public consumption.
Using the definition that hardness is the sum of the 
calcium and magnesium in the water, the average total
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hardness concentration in the samples collected at the five 
sites were 180, 170, 160 and 155 mg/L for Van Buren, Darda­
nelle, Little Rock, Pine Bluff and Lee Creek, respectively. 
The total hardness concentrations in the river are clearly 
cyclical as shown in Figure 84. The calcium hardness 
concentrations also varied as a function of time as shown by 
Figure 85. The predominate constituent of the total hard­
ness was calcium. The total hardness concentrations indi­
cate that the river water is moderately hard. Depending on 
the length of time during the year that water is extracted 
from the river, lime or lime-soda ash softening may be 
desired.
Heavy Metals. With respect to the heavy metals, analyses 
were conducted for barium, cadmium, copper, iron, manganese, 
mercury, nickel, lead and zinc. The heavy metals present in 
the largest concentrations were copper, iron, manganese and 
zinc. The concentrations of barium and mercury were below 
the detectable limits of the test procedure used for all 
samples. Cadmium was present above the detectable limits of 
the test in one sample.
Although present in larger than expected concentrations, 
the presence of copper, iron, manganese, nickel and zinc 
should not pose treatment difficulties. The secondary 
drinking water standards have limits of 1, 0.3, 0.05 and 5.0 
mg/L for copper, iron, manganese and zinc, respectively. 
All copper and zinc concentrations in the samples from all 
five sites were below the recommended maximum levels for
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Figure 84. Comparison Of The Total Hardness Concentrations 
At The Five Sampling Sites.
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these parameters. Although frequently present in concentra­
tions exceeding the recommended maximum concentrations, the 
iron and manganese is removable by conventional treatment at 
these concentrations.
Sodium. Although neither a maximum contaminant level nor 
a recommended maximum contaminant level has been established 
for sodium at this time, there has been some discussion 
concerning establishing a maximum level for this parameter.
Consequently, it was included in the analyses conducted 
during the sampling program. The average sodium concentra­
tions were 80, 80, 73, 67, respectively, for the Van Buren, 
Dardanelle, Little Rock and Pine Bluff sampling sites. The 
average sodium concentration at the Lee Creek sampling site 
was 70 mg/L.
Sulfate. Another water quality parameter that has been 
discussed in some detail relative to the Arkansas River is 
sulfate. The recommended maximum concentration of sulfate 
used for drinking water is 250 mg/L. The sulfate concentra­
tions in all samples at the five sites were less than the 
recommended limit of 250 mg/L.
Suspended Solids. The suspended solids concentrations at 
all sites were relatively small for a large flowing surface 
watercourse. They were sufficiently small that pre­
sedimentation should not be required for successful treat­
ment of the water.
Total Dissolved Solids. The drinking water regulations 
also contain a recommended maximum contaminant level of 500
150
mg/L for total dissolved solids. The total dissolved solids 
concentrations varied substantially as a function of time 
during the sampling period. At times, the total dissolved 
solids concentrations exceeded the recommended limit 
although the average concentrations were significantly less 
than the 500 mg/L limit. The average concentrations were 
415, 385, 330, 325 and 325 mg/L for the Van Buren, Darda­
nelle, Little Rock, Pine Bluff and Lee Creek sampling sites.
The significance of the presence of total dissolved 
solids in concentrations greater than the recommended limit 
is lessened substantially by the fact that a fairly large 
fraction of the total dissolved solids is attributable to 
hardness. If water were extracted from the river during the 
periods of time that the total dissolved solids concentra­
tions exceed the recommended limit, it is likely that 
softening of the water would be practiced. Softening would 
reduce the total dissolved solids concentrations to within 
the recommended limit.
Turbidity. The turbidity values are relatively low for 
major flowing watercourses in the United States. 
Consequently, the turbidity in the river water would not 
cause unusual treatment difficulties.
Agricultural Uses A variety of water quality parameters are 
of interest in evaluating a water supply source for agricul­
tural uses. With respect to irrigation water quality, these 
parameters include chloride, pH, salinity, sodium, sodium 
adsorption ratio, suspended solids and pesticides.
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Chloride. Chloride concentrations below about 180 mg/L 
are considered excellent to good and are suitable for most 
plants under most conditions (5). As shown in Figure 83, 
the chloride concentrations in the Arkansas River water are 
substantially below 180 mg/L for much of the year. Since 
the need for irrigation water (other than for rice) usually 
occurs during times of smaller flows in surface water­
courses, extraction (or diversion) of the water from the 
river combined with storage until needed would assure both 
the physical integrity of the water supply and would allow 
selection of the optimum water quality.
Salinity. The term salinity refers to the salt content of 
the water and is usually based on total dissolved solids or 
electrical conductivity. A variety of factors influence the 
amount of irrigation water having a particular salinity 
level that can be applied to a specific crop. Among others, 
these include the number of irrigations between leaching 
rains, the crop tolerance to salt, and the salt content of 
the soil prior to irrigation. However, water with a total 
dissolved solids concentration of less than 500 mg/L is 
generally considered such that no detrimental effects will 
usually be noticed. Water with a total dissolved solids 
concentration within the range from 500 to 1,000 mg/L can 
have detrimental effects on sensitive crops. As shown by 
Figure 86, the total dissolved solids concentrations in the 
Arkansas River water are less than 500 mg/L during signifi­
cant portions of the year. Consequently, extraction (or
153 - 
diversion) and storage of the water would provide water 
suitable for irrigation of most crops with respect to total 
dissolved solids.
Sodium And Sodium Adsorption Ratio. The sodium adsorption 
ratio is defined as follows:
Sodium Adsorption Ratio =
That is, the sodium adsorption ratio is the sodium 
concentration divided by the square root of one-half of the 
sum of the calcium and magnesium concentrations. Water 
having sodium adsorption ratios between 8 and 18 may have an 
adverse effect on the permeability of soils containing an 
appreciable proportion of clay because its use causes 
undesirable amounts of sodium to be adsorbed (5). When used 
on sensitive crops, sodium adsorption values above 4 may be 
detrimental because of sodium phytotoxicity (5). Addition­
ally, water low in salt but high in bicarbonate content may 
present a permeability hazard even with low sodium adsorp­
tion ratio values (5). As shown by Figure 87, water with 
reasonable sodium adsorption ratio values is present in the 
river during substantial portions of each year.
Pesticides. The pesticide concentrations in the samples 
collected at all five sites were very small. Consequently, 
the background concentrations in the river during the 
sam-pling period were well within an acceptable range. It 
is, of course, possible that a large accidental spill could
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result in pesticide contamination sufficient to be deleteri­
ous. Because of the magnitude of the flow in the river 
during periods when extraction, or diversion, would likely 
occur, it is not probable that an unreported spill of 
sufficient size to cause serious contamination would occur. 
Extraction or diversion could easily be discontinued follow­
ing a reported spill of sufficient magnitude that would 
cause serious problems, if one should occur.
The detailed discussion of the suitability of the river 
water for agricultural purposes is included in Volume IV. 
Industrial Uses
Water used in industrial applications ranges all the way 
from excellent quality fresh water to sea water. Obviously, 
the quality of the Arkansas River water falls somewhere 
within this range. The key question in any industrial 
application is the cost of treatment of the water to satisfy 
the requirements of a particular application. Many indus­
tries use municipal water as their source with or without 
additional treatment depending on their use of the water. 
Consequently, water which satisfies the requirements for 
drinking water is usually considered acceptable either 
directly or with further treatment for these industries.
As a rule of thumb, industries which extract water from 
surface watercourses often have large volume requirements. 
A large percentage of this water is usually used for cooling 
purposes. In 1964, for example, about 90 percent of all 
water used for industrial purposes was for cooling or
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condensing purposes (5). This percentage has decreased to 
some extent in the past twenty-five years as the cost of 
treated water has increased, as the need for conservation 
efforts became more fully understood, and as environmental 
regulations became more effective. In general, the parame­
ters of interest in the broad context of industrial water 
supplies (treated or untreated) include alkalinity, alumi­
num, calcium, copper, chloride, iron, fluoride, hydrogen 
sulfide, manganese, magnesium, nitrate, pH, phosphate, 
potassium, silica, sodium, sulfate, suspended solids, total 
dissolved solids, and organics, such as methylene blue 
active substances.
The effect of each of these parameters on the suitabil­
ity of the use of Arkansas River water for the various 
industrial applications is discussed in Volume IV. It is 
apparent, however, that the river is a suitable source of 
raw water for many industrial applications.
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Chapter V
SUMMARY OF THE REVIEW 
OF THE 
HISTORICAL DATA AVAILABLE
Reviews of the historical water quality data on the 
Arkansas River were conducted by both FTN Associates and by 
the Department of Civil Engineering. These reviews focused 
on a variety of water quality parameters. Of these parame­
ters, those which either appear to be the most frequently 
discussed and/or are of predominant importance concerning 
use of Arkansas River water are included in Volume II. Some 
graphical information is included in this report solely to 
illustrate the type of information included in Volume II 
relative to the review of the historical data.
The concept that the Arkansas River contains such large 
quantities of chloride that it is unusable for agricultural 
and municipal purposes is frequently expressed. A review of 
the chloride data available indicates that this concept has 
had a strong degree of validity. The chloride concentra­
tions have been very large at times at sampling sites for 
which chloride data are available. At Van Buren, for 
example, the largest chloride concentration found was 3,000 
mg/L, which is very large. Although of lesser magnitude, 
numerous other peak concentrations of sufficient magnitude 
to cause usage restrictions were found. However, there have 
been significant changes in the chloride relationships in 
the stream during the past twenty years.
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Since the Van Buren site (Location Number 07250500) 
essentially allows characterization of the river water 
quality as the river enters the state, it serves as a useful 
illustration of the historical characteristics of the river. 
Figure 88 presents a plot of the data from 1945 to the 
present time as concentration versus the percent of the time 
the concentration was not exceeded. As shown by this 
figure, some very large chloride concentrations have been 
measured in the river.
To provide additional insight, the chloride and flow 
data are plotted on graphs using relatively short time 
periods. Figures 89 through 97 show the chloride data 
plotted as a function of time at the Van Buren sampling 
site. The flow data are shown in Figures 98 through 106. 
The graphical data for chloride and flow have the same 
ordinate scale to allow the reader to visually examine the 
relative relationships more easily. For chloride, the 
maximum ordinate was 3,000 mg/L which is the largest chlo­
ride concentration reported at that site. The largest flow 
was slightly over 460,000 cubic feet per second at the Van 
Buren recording station.
The chloride data were also plotted using a maximum 
ordinate value of 1,000 mg/L to provide a better illustra­
tion of the variations in the chloride concentrations with 
time. It is important to note that there is not a uniform 
number of samples per year. Consequently, the abscissa
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Figure 88. Graph Of Chloride vs Time For The Van Buren Site.
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Figure 89. Graph Of Chloride vs Time For The Van Buren Site (1945-1948).
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Figure 90. Graph Of Chloride vs Time For The Van Buren Site (1948-1951).
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Figure 91. Graph Of Chloride vs Time For The Van Buren Site (1951-1954).
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Figure 92. Graph Of Chloride vs Time For The Van Buren Site (1954-1956).
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Figure 93. Graph Of Chloride vs Time For The Van Buren Site (1956-1958).
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Figure 94. Graph Of Chloride vs Time For The Van Buren Site (1958-1960).
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Figure 95. Graph Of Chloride vs Time For The Van Buren Site (1960-1964).
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Figure 96. Graph Of Chloride vs Time For The Van Buren Site (1964-1969).
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Figure 97. Graph Of Chloride vs Time For The Van Buren Site (1975-1986).
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Figure 98. Graph Of Flow vs Time For The Van Buren Site (1945-1948).
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Figure 99. Graph Of Flow vs Time For The Van Buren Site (1948-1951).
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Figure 100. Graph Of Flow vs Time For The Van Buren Site (1951-1954).
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Figure 101. Graph Of Flow vs Time For The Van Buren Site (1954-1956).
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Figure 102. Graph Of Flow vs Time For The Van Buren Site (1956-1958).
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Figure 103. Graph Of Flow vs Time For The Van Buren Site (1958-1960).
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Figure 104. Graph Of Flow vs Time For The Van Buren Site (1960-1964).
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Figure 105. Graph Of Flow vs Time For The Van Buren Site (1964-1969).
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Figure 106. Graph Of Flow vs Time For The Van Buren Site (1975-1986).
scale is not uniform. The replotted curves are shown in 
Figures 107 through 115.
In addition to the changes in chloride concentrations 
which have occurred over the years, the mass of chloride in 
the river has also changed substantially. The mass balance 
data is included, in detail, in Volume II. However, several 
graphs are included in this section to illustrate the 
approach used in these analyses. The mass data are plotted 
in Figures 116 through 124. Volume II also includes results 
of the graphical and statistical analyses for the other 
parameters of primary interest.
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Figure 107. Graph Of Chloride vs Time For The Van Buren Site (1945-1948).
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Figure 108. Graph Of Chloride vs Time For The Van Buren Site (1948-1951).
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Figure 109. Graph Of Chloride vs Time For The Van Buren Site (1951-1954).
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Figure 110. Graph Of Chloride vs Time For The Van Buren Site (1954-1956).
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Figure 111. Graph Of Chloride vs Time For The Van Buren Site (1956-1958).
Figure 112. Graph Of Chloride vs Time For The Van Buren Site (1958-1960).
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Figure 113. Graph Of Chloride vs Time For The Van Buren Site (1960-1964).
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Figure 114. Graph Of Chloride vs Time For The Van Buren Site (1964-1969).
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Figure 115. Graph Of Chloride vs Time For The Van Buren Site (1975-1986).
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Figure 116. Graph Of Chloride vs Time For The Van Buren Site Mass Basis 
(1945-1948).
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Figure 117. Graph Of Chloride vs Time For The Van Buren Site Mass Basis 
(1948-1951).
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Figure 118. Graph Of Chloride vs Time For The Van Buren Site Mass Basis 
(1951-1954).
C
hl
or
id
e 
(T
on
s/
D
ay
) 
(T
ho
us
an
ds
)
191
Figure 119. Graph Of Chloride vs Time For The Van Buren Site Mass Basis 
(1954-1956).
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Figure 120. Graph Of Chloride vs Time For The Van Buren Site Mass Basis 
(1956-1958).
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Figure 121. Graph Of Chloride vs Time For The Van Buren Site Mass Basis 
(1958-1960).
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Figure 122. Graph Of Chloride vs Time For The Van Buren Site Mass Basis 
(1960-1964).
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Figure 123. Graph Of Chloride vs Time For The Van Buren Site Mass Basis 
(1964-1969).
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Figure 124. Graph Of Chloride vs Time For The Van Buren Site Mass Basis 
(1975-1986).
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Chapter VI 
TREATABILITY STUDIES
A variety of treatability studies were conducted on 
water samples collected from the river. These included 
chlorine demand, packed tower aeration, granular activated 
carbon adsorption, lime and lime-soda ash softening studies, 
ozonation and sedimentation studies. Study procedures and 
the analytical methods and techniques used are included in 
the Volume III. This chapter is included in Volume I only 
to provide a general overview of these studies.
The promulgation of maximum contaminant levels for eight 
volatile organic chemicals and the prior maximum contaminant 
level for trihalomethanes has resulted in the need to insure 
that the water utility industry can satisfy the require­
ments. It is commonly assumed that maximum contaminant 
levels for other volatile organic chemicals and for syn­
thetic organic chemicals will be forthcoming.
With respect to the eight volatile organic chemicals, 
two unit processes were identified by the Environmental 
Protection Agency as best technologies generally available 
(BTGA) suitable for reducing the concentrations of these 
compounds. These unit processes are packed tower aeration 
and granular activated carbon adsorption. Although neither 
process is new, they have not been widely used on a broad 
scale in the water utility industry in the United States.
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The eight volatile organic chemicals for which maximum 
contaminant levels have been established are listed in Table 
XIV.
Table XIV
Maximum Contaminant Levels 
For
Selected Volatile Organic Chemicals
Maximum
Constituent Contaminant Level 
______(mg/L)
Benzene 
Carbon tetrachloride 
1,2-Dichloroethane 
Trichloroethylene 
para-Dichlorobenzene
1,1- Dichloroethylene
1,1,1- Trichloroethane 
Vinyl chloride
0.005
0.005
0.005
0.005
0.075
0.007
0.20
0.002
The principal purpose of the packed tower aeration and 
granular activated carbon adsorption studies was to deter­
mine if any unusually low removal efficiencies would be 
encountered in the use of such processes on Arkansas River 
water. The studies were conducted using water obtained from 
the Arkansas River near Van Buren. The water was trans­
ported to the Bell Engineering Center, dosed with two 
volatile organic chemicals and processed by the granular 
activated carbon columns or by the packed tower depending on 
which study was underway. The water was not treated prior 
to processing.
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Granular Activated Carbon Studies
Laboratory columns were constructed of Pyrex for the 
granular activated carbon adsorption study. The columns had 
an inside diameter of three inches and an allowable carbon 
depth of four feet. Calgon Filtrasorb 400 granular acti­
vated carbon at a depth of four feet was placed in the 
columns. Two sets of four columns were built.
The four fixed bed, downflow columns in each set were 
operated in series. The apparatus was constructed so that 
samples could be collected following each bed. This proce­
dure yielded empty bed contact times of 10, 20, 30 and 40 
minutes. A peristaltic pump was used to provide a flow rate 
of 0.5 liter per minute through the columns. Monitoring the 
flow rate was done with a shielded Teflon flow meter.
Analysis of the volatile organic chemicals was conducted 
using gas chromatographic techniques. Specifically, EPA 
Method 502.2 was used. The analytical techniques and 
procedures used for conducting the studies are included in 
Volume III of the report. The two volatile organic chemi­
cals used were benzene and trichloroethylene. These were 
selected because maximum contaminant levels have been 
established for them and because one is an aromatic and the 
other a halocarbon.
Tables XV and XVI list the results of the benzene removal 
studies. As shown by the table, the results indicate very 
high removal efficiencies for run times much longer than the 
predicted breakthrough times. Since the columns were
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operated in series, the effluent concentrations for column 1 
represented the influent concentration to column 2.
Tables XVII and XVIII list the results of the trichlo­
roethylene removal efficiencies. These results also indi­
cated very good removal efficiencies for run times much 
longer than expected.
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Table XV
Benzene Removal Data 
For The Laboratory 
Granular Activated Carbon Adsorption Studies
* ND - Not Detected
Column 1
Cumulative Benzene Benzene
Run Time Flow xi xo Removal
(Hours) (L/min) (ug/L) uq/L) _____ %
0 0.5 1130 — —
2 0.5 890 *ND 100
4 0.5 925 ND 100
6 0.5 855 ND 100
8 0.5 660 ND 100
10 0.5 1990 ND 100
12 0.5 1660 ND 100
14 0.5 1500 ND 100
16 0.5 1330 ND 100
18 0.5 1830 ND 100
20 0.5 1700 ND 100
22 0.5 1540 ND 100
24 0.5 1240 ND 100
26 0.5 1950 ND 100
28 0.5 1860 ND 100
30 0.5 1770 ND 100
32 0.5 1560 ND 100
34 0.5 925 ND 100
36 0.5 1060 ND 100
38 0.5 1050 ND 100
40 0.5 930 ND 100
42 0.5 1380 ND 100
44 0.5 1370 ND 100
46 0.5 1160 ND 100
48 0.5 825 ND 100
50 0.5 655 ND 100
52 0.5 620 ND 100
54 0.5 585 ND 100
56 0.5 455 ND 100
58 0.5 710 1.7 99.8
60 0.5 930 0.3 100
62 0.5 1420 ND 100
64 0.5 1400 ND 100
66 0.5 610 0.7 99.9
68 0.5 840 ND 100
70 0.5 1000 0.7 99.9
72 0.5 1050 1.0 99.9
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Table XV (Continued)
Benzene Removal Data 
For The Laboratory 
Granular Activated Carbon Adsorption Studies
Cumulative
Run Time
(Hours)
Flow 
(L/min)
Benzene
Xi 
(ug/L)
Benzene 
xo 
(uq/L)
Removal
_______%
74 0.5 1090 1.0 99.9
76 0.5 1880 1.0 99.9
78 0.5 1790 *ND 100
80 0.5 1400 ND 100
82 0.5 2020 1.9 99.9
84 0.5 1790 ND 100
86 0.5 1520 1.2 99.9
88 0.5 1370 1.3 99.9
90 0.5 1950 2.1 99.9
92 0.5 1700 0.2 100
94 0.5 1600 1.2 99.9
96 0.5 1770 0.7 100
98 0.5 1460 2.2 99.8
100 0.5 1580 ND 100
102 0.5 1540 2.7 99.8
104 0.5 1280 0.2 100
106 0.5 1570 2.4 99.8
108 0.5 1670 ND 100
110 0.5 1580 2.4 99.8
112 0.5 1520 2.8 99.8
114 0.5 2790 1.3 99.9
116 0.5 2460 0.2 100
118 0.5 2370 ND 100
120 0.5 2230 0.5 100
124 0.5 2170 ND 100
132 0.5 1520 0.1 100
140 0.5 1970 ND 100
148 0.5 1630 ND 100
156 0.5 1640 ND 100
164 0.5 1370 ND 100
172 0.5 1840 ND 100
176 0.5 1620 ND 100
*ND - Not Detected
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Table XVI
Benzene Removal Data 
For The Laboratory 
Granular Activated Carbon Adsorption Studies
Cumulative 
Run Time 
(Hours)
Flow 
(L/min)
Column 2
Benzene Benzene
Xi Xo Overall
(uq/L) (uq/L) Removal %
* ND - Not Detected
0 0.5 — — —
2 0.5 — — 100
4 0.5 — — 100
6 0.5 — — 100
8 0.5 — — 100
10 0.5 — — 100
12 0.5 — — 100
14 0.5 — — 100
16 0.5 — — 100
18 0.5 — — 100
20 0.5 — — 100
22 0.5 — — 100
24 0.5 — — 100
26 0.5 — — 100
28 0.5 — — 100
30 0.5 — — 100
32 0.5 — — 100
34 0.5 — — 100
36 0.5 — — 100
38 0.5 — — 100
40 0.5 — — 100
42 0.5 — — 100
44 0.5 — — 100
46 0.5 — — 100
48 0.5 — — 100
50 0.5 — — 100
52 0.5 — 100
54 0.5 — — 100
56 0.5 — — 100
58 0.5 1.7 0.3 100
60 0.5 0.3 *ND 100
62 0.5 — — 100
64 0.5 — — 100
66 0.5 0.7 ND 100
68 0.5 — ND 100
70 0.5 0.7 ND 100
72 0.5 1.0 ND 100
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Table XVI (Continued)
Benzene Removal Data 
For The Laboratory 
Granular Activated Carbon Adsorption Studies
Column 2
Cumulative Benzene Benzene
Run Time Flow xi xo Overall
(Hours) (L/min) (uq/L (uq/L) Removal %
74 0.5 1.0 *ND 100
76 0.5 1.0 ND 100
78 0.5 — — 100
80 0.5 — — 100
82 0.5 1.9 ND 100
84 0.5 — — 100
86 0.5 1.2 0.1 100
88 0.5 1.3 ND 100
90 0.5 2.1 ND 100
92 0.5 0.2 ND 100
94 0.5 1.2 ND 100
96 0.5 0.7 ND 100
98 0.5 2.2 0.2 100
100 0.5 — — 100
102 0.5 2.7 0.3 100
104 0.5 0.2 ND 100
106 0.5 2.4 0.2 100
108 0.5 — — 100
110 0.5 2.4 ND 100
112 0.5 2.8 0.3 100
114 0.5 1.3 0.2 100
116 0.5 0.2 ND 100
118 0.5 — — 100
120 0.5 0.5 0.2 100
124 0.5 — — 100
132 0.5 0.1 ND 100
140 0.5 — — 100
148 0.5 — — 100
156 0.5 — — 100
164 0.5 — — 100
172 0.5 — — 100
176 0.5 — — 100
* ND - Not Detected
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Table XVII
Trichloroethylene Removal Data 
For The Laboratory 
Granular Activated Carbon Adsorption Studies
* ND - Not Detected
Column 1
Removal 
______%
Cumulative 
Run Time 
(Hours)
Flow 
(L/min)
Trichloroethylene
Xi 
(uq/L).
XO 
(uq/L)
0 0.5 405 — —
2 0.5 410 *ND 100
4 0.5 535 ND 100
6 0.5 625 ND 100
8 0.5 555 ND 100
10 0.5 500 ND 100
12 0.5 950 ND 100
14 0.5 970 ND 100
16 0.5 945 ND 100
18 0.5 1080 ND 100
20 0.5 1280 ND 100
22 0.5 1380 ND 100
24 0.5 1470 ND 100
26 0.5 840 ND 100
28 0.5 1060 ND 100
30 0.5 1030 ND 100
32 0.5 1000 ND 100
34 0.5 655 ND 100
36 0.5 885 ND 100
38 0.5 1070 ND 100
40 0.5 1190 ND 100
42 0.5 1870 ND 100
44 0.5 2040 ND 100
46 0.5 2070 ND 100
48 0.5 2160 ND 100
50 0.5 1460 ND 100
52 0.5 1470 ND 100
54 0.5 1460 ND 100
56 0.5 1330 ND 100
58 0.5 1160 1.0 99.9
60 0.5 1340 2.9 99.8
62 0.5 1370 0.6 100
64 0.5 1290 ND 100
66 0.5 1180 0.4 100
68 0.5 2820 1.6 99.9
70 0.5 1870 1.0 99.9
72 0.5 1040 2.3 99.8
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Table XVII (Continued)
Trichloroethylene Removal Data 
For The Laboratory
Granular Activated Carbon Adsorption Studies
Column 1
Cumulative 
Run Time 
(Hours)
Flow 
(L/min)
Trichloroethylene
Xi 
(uq/L
xo 
(uq/L)
Removal 
______%
74 0.5 1130 1.0 99.9
76 0.5 1460 3.5 99.8
78 0.5 1480 0.9 99.9
80 0.5 1350 0.8 99.9
82 0.5 3520 3.9 99.9
84 0.5 3390 *ND 100
86 0.5 3900 3.2 99.9
88 0.5 1240 3.3 99.7
90 0.5 3230 2.4 99.9
92 0.5 2040 0.9 100
94 0.5 2530 1.2 100
96 0.5 695 1.0 99.9
98 0.5 1160 0.6 99.9
100 0.5 985 0.9 99.9
102 0.5 970 2.7 99.7
104 0.5 790 0.5 99.9
106 0.5 3070 6.3 99.8
108 0.5 3220 ND 100
110 0.5 3140 5.9 99.8
112 0.5 3210 8.3 99.7
114 0.5 845 2.6 99.7
116 0.5 1800 0.8 100
118 0.5 1890 ND 100
120 0.5 1860 0.2 100
124 0.5 1700 ND 100
132 0.5 1350 0.8 99.9
140 0.5 1030 ND 100
148 0.5 1060 ND 100
156 0.5 1450 ND 100
164 0.5 1410 ND 100
172 0.5 680 0.8 99.9
176 0.5 885 ND 100
* ND - Not Detected
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Table XVIII
Trichloroethylene Removal Data 
For The Laboratory 
Granular Activated Carbon Adsorption Studies
Cumulative 
Run Time 
(Hours)
Flow 
(L/min)
Column 2
Trichloroethylene
Xi 
(uq/L)
XO 
(uq/L)
Overall 
Removal %
0 0.5 — — —
2 0.5 — — 100
4 0.5 — — 100
6 0.5 — — 100
8 0.5 — — 100
10 0.5 — — 100
12 0.5 — — 100
14 0.5 — — 100
16 0.5 — — 100
18 0.5 — — 100
20 0.5 — — 100
22 0.5 — — 100
24 0.5 — — 100
26 0.5 — — 100
28 0.5 — — 100
30 0.5 — — 100
32 0.5 — — 100
34 0.5 — — 100
36 0.5 — — 100
38 0.5 — — 100
40 0.5 — — 100
42 0.5 — — 100
44 0.5 — — 100
46 0.5 — — 100
48 0.5 — — 100
50 0.5 — — 100
52 0.5 — — 100
54 0.5 — — 100
56 0.5 — — 100
58 0.5 1.0 0.3 100
60 0.5 2.9 0.8 100
62 0.5 0.6 *ND 100
64 0.5 ND ND 100
66 0.5 0.4 0.1 100
68 0.5 1.6 ND 100
70 0.5 1.0 0.7 100
72 0.5 2.3 0.3 100
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* ND - Not Detected
Table XVIII (Continued)
Trichloroethylene Removal Data 
For The Laboratory 
Granular Activated Carbon Adsorption Studies
Column 2
Cumulative 
Run Time 
(Hours)
Flow 
(L/min)
Trichloroethylene
Xi 
(uq/L)
xo 
(uq/L)
Overall 
Removal %
74 0.5 1.0 0.5 100
76 0.5 3.5 0.3 100
78 0.5 0.9 *ND 100
80 0.5 0.8 ND 100
82 0.5 3.9 ND 100
84 0.5 ND ND 100
86 0.5 3.2 0.7 100
88 0.5 3.3 ND 100
90 0.5 2.4 ND 100
92 0.5 0.9 ND 100
94 0.5 1.2 0.3 100
96 0.5 1.0 ND 100
98 0.5 0.6 0.3 100
100 0.5 0.9 ND 100
102 0.5 2.7 0.7 100
104 0.5 0.5 ND 100
106 0.5 6.3 1.6 100
108 0.5 ND ND 100
110 0.5 5.9 1.9 100
112 0.5 8.3 1.7 100
114 0.5 2.6 0.9 100
116 0.5 0.8 0.6 100
118 0.5 ND ND 100
120 0.5 0.2 ND 100
124 0.5 ND ND 100
132 0.5 0.8 ND 100
140 0.5 ND ND 100
148 0.5 ND ND 100
156 0.5 ND ND 100
164 0.5 ND ND 100
172 0.5 0.8 0.7 100
176 0.5 ND ND 100
* ND - Not Detected
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Ozonation Studies
Benzene and trichloroethylene removal rates were also 
determined based solely on ozonation of the spiked river 
water. These studies were conducted with variable contact 
times as shown in the table. The results indicated very 
good removal efficiencies at longer contact times. As would 
be expected the removal efficiencies decreased with decreas­
ing contact times. The ozone contactor column height used 
was ten feet for all samples. The data are listed in Tables 
XIX and XX.
Table XIX
Benzene Removal
By 
Ozonation
Contact 
Flow 
(L/min)
Ozone Benzene
Xo RemovalTime 
(min)
Dosage 
(mg/L).
Consumed 
(mg/L)
Xi 
(ug/L) (uq/L) %
0.50 49.4 97 57 1970 ND 100
0.75 32.9 68 39 1150 1.5 99.9
0.85 29.1 49 27 1550 260 83.3
0.90 27.5 43 26 1560 345 77.9
1.00 24.7 43 25 1380 200 85.6
1.25 19.8 43 30 1440 600 58.3
1.50 16.5 37 23 1350 440 67.2
1.80 13.7 22 13 1560 805 48.5
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Table XX 
Trichloroethylene Removal 
By 
Ozonation
Contact 
Flow 
(L/min)
Ozone Benzene
Xo RemovalTime 
(min)
Dosage 
(mg/L)
Consumed 
(mq/L)
Xi 
(ug/L) (ug/L) %
0.50 49.4 97 57 1510 ND 100
0.75 32.9 68 39 1900 6.8 99.6
0.85 29.1 49 27 1290 110 91.4
0.90 27.5 43 26 645 74 88.6
1.00 24.7 43 25 1170 160 86.3
1.25 19.8 43 30 1030 175 82.9
1.50 16.5 37 23 1320 185 85.9
1.80 13.7 22 13 880 215 75.4
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Packed Tower Aeration Studies
The packed tower aeration studies were conducted using 
various air-to-water ratios and four liquid loading rates. 
A description of the packed tower, packing and experimental 
procedures used is included in Volume III. Representative 
data for the one and two gallons per minute loading rates 
are included in this section in Tables XXI through XXV for 
illustrative purposes. The remainder of the data are 
included in Volume III.
Table XXI
Benzene Removal Data 
For The
Packed Tower Aeration Study
(liquid rate - 1 gpm)
0:1 0 14.1 1420 1220
0:1 0 18.0 1390 1140
9:1 1.2 99.4+ 800 <5
9:1 1.2 95.6 1310 58
10:1 1.3 96.3 1230 45
10:1 1.3 92.6 1420 105
10:1 1.3 92.8 640 46
15:1 2.0 97.5 1260 32
15:1 2.0 98.0 1190 24
17:1 2.3 97.4+ 195 <5
20:1 2.7 99.2+ 645 <5
23:1 3.1 97.9+ 235 <5
25:1 3.3 99.4+ 780 <5
30:1 4.0 95.4 900 41
30:1 4.0 99.6+ 1230 <5
30:1 4.0 99.0 905 7
34:1 4.5 99.8+ 2000 <5
34:1 4.5 99.7+ 1990 <5
34:1 4.5 99.6+ 1380 <5
35:1 4.7 99.6+ 1220 <5
40:1 5.3 99.4+ 775 <5
45:1 6.0 99.5 990 5
50:1 6.7 99.5+ 955 <5
55:1 7.4 99.4+ 890 <5
60:1 8.0 95.0 360 18
60:1 8.0 99.0+ 835 <5
65:1 8.7 99.0+ 480 <5
67:1 9.0 99.0+ 485 <5
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Air-To-Water Air Flow Removal Concentration, ug/L
Ratio cfm % Initial__________ Final
Table XXII
Trichloroethylene Removal Data 
For The
Packed Tower Aeration Study
(liquid rate - 1 gpm)
Air-To-Water Air Flow Removal Concentration, ug/L
Ratio cfm % Initial Final
0:1 0 29.5 440 310
0:1 0 19.5 1000 805
9:1 1.2 95.9 465 19
9:1 1.2 92.2 1610 125
10:1 1.3 67.5 1710 555
10:1 1.3 95.7 845 36
10:1 1.3 89.7 1310 135
15:1 2.0 96.8 695 22
15:1 2.0 95.0 745 37
17:1 2.3 97.5 1030 26
20:1 2.7 94.1 1020 60
23:1 3.1 97.4 765 20
25:1 3.3 95.8 965 40
30:1 4.0 71.5 1350 385
30:1 4.0 97.7 1260 29
30:1 4.0 96.2 1490 57
34:1 4.5 93.9 1640 100
34:1 4.5 92.6 1210 89
34:1 4.5 97.6 1570 38
35:1 4.7 96.1 640 25
40:1 5.3 95.4 990 46
45:1 6.0 96.0 865 35
50:1 6.7 94.8 1780 92
55:1 7.4 96.5 965 33
60:1 8.0 91.4 1620 140
60:1 8.0 97.5 1100 28
65:1 8.7 95.8 795 33
67:1 9.0 94.4 1490 84
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Table XXIII
Benzene Removal Data 
For The
Packed Tower Aeration Study
(liquid rate - 2 gpm)
Air-To-Water 
Ratio
Air Flow 
cfm
Removal
%
Concentration, ug/L
Initial Final
0:1 0 14.1 1610 1440
0:1 0 17.1 1450 1280
5:1 1.3 82.6 1710 325
5:1 1.3 83.8 850 94
5:1 1.3 65.3 1050 28
5:1 2.4 85.8 990 210
5:1 2.4 91.8 1260 <5
9:1 2.7 92.7 1360 <5
9:1 2.7 86.1 430 <5
10:1 2.7 89.4 1000 130
10:1 4.0 90.5 1110 28
10:1 4.0 91.8 2320 145
15:1 4.5 86.1 905 30
17:1 5.3 92.2 660 <5
20:1 6.1 92.6 340 <5
23:1 6.7 92.7 1590 <5
25:1 8.0 93.4 1810 10
30:1 8.0 99.0+ 775 <5
30:1 8.0 90.8 690 38
30:1 9.1 87.6 930 12
34:1 9.1 83.0 495 26
34:1 9.1 91.8 905 <5
34:1 6.7 95.3 585 <5
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Table XXIV
Trichloroethylene Removal Data 
For The
Packed Tower Aeration Study 
(liquid rate - 2 gpm)
Air-To-Water
Ratio
Air Flow 
cfm
Removal 
%
Concentration, 
Initial
ug/L 
Final
0:1 0 14.1 495 425
0:1 0 17.1 1110 920
5:1 1.3 82.6 950 165
5:1 1.3 83.8 1200 195
5:1 1.3 65.3 1010 450
5:1 2.4 85.8 635 90
5:1 2.4 91.8 730 60
9:1 2.7 92.7 455 33
9:1 2.7 86.1 700 97
10:1 2.7 89.4 830 88
10:1 4.0 90.5 580 55
10:1 4.0 91.8 755 62
15:1 4.5 86.1 1220 170
17:1 5.3 92.2 625 49
20:1 6.1 92.6 430 32
23:1 6.7 92.7 955 70
25:1 8.0 93.4 455 30
30:1 8.0 99.0+ 495 <5
30:1 8.0 90.8 1680 155
30:1 9.1 87.6 1410 175
34:1 9.1 83.0 1150 195
34:1 9.1 91.8 670 55
34:1 6.7 95.3 815 38
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Chapter VII 
COST SUMMARY
Treatment cost estimates have been conducted at the four 
main stem sampling sites included in the study. These are 
the Van Buren, Dardanelle, Little Rock and Pine Bluff sites. 
The results of the cost studies as well as a detailed 
description of the procedures used (and assumptions made) 
are included in Volume IV. A brief summary is presented in 
this section to illustrate the approach used and the infor­
mation required for the studies.
The cost of treatment of Arkansas River water is greatly 
dependent on several factors. Among these are the method of 
utilization of the river as a water source and the processes 
which must be included in the overall treatment chain. 
Since the treatment costs are so greatly dependent on the 
circumstances occurring at each site, some definition of the 
several potential alternatives for river water utilization 
was needed prior to the time detailed cost estimates could 
be made.
Two general assumptions were made which have a very 
significant impact on the cost studies. The first related 
to the availability of the water in the river. Currently, 
the minimum flow requirement for navigation is 3,000 cubic 
feet per second for the part of the Arkansas River located 
in Arkansas. Since there are occasions that the flow in the 
river is less than 3,000 cubic feet per second, other uses
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would be restricted by the minimum flow for navigation. 
That is, the safe annual yield of the river is zero. Thus, 
the river could not be used as the sole raw water source for 
a community at the present time. Although not necessarily 
of large size, an alternative source of water would be 
required. The second assumption concerns the method of 
utilization of the river, if it were to be used as a raw 
water source for municipalities. The method of utilization 
can, in turn, be described in near-term and long-term 
requirements.
With respect to near-term and long-term requirements, 
there are several options among which communities could 
conceivably choose. On one hand, it is conceivable that the 
river could be utilized as an augmenting source of water for 
a particular community with only minimal adjustments in the 
existing water supply and treatment systems required. The 
other extreme would be complete, or nearly complete, 
replacement of the community water system. For example, a 
community with a currently adequate water supply source 
might be seeking an alternate source of supply which would 
provide adequate supply for growth of the community. 
Conversely, a community might need essentially a replacement 
of their entire raw water supply and treatment system 
depending on condition, adequacy and the time frame being 
considered for their water service system (near or long-term 
supply).
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Since the current safe annual yield of the river is 
zero, under present circumstances, the river could not be 
used as the sole water source for a community. An alterna­
tive source would be required for periods of low flow in the 
river. Thus, communities would likely use either existing 
raw water sources or develop new sources. Since the larger 
communities along the river, including Fort Smith, Clarks­
ville, Russellville and Little Rock already have existing 
water sources and/or are developing new sources, the most 
likely scenario for utilization of the river in the short to 
mid-term would be to augment their existing water sources 
with raw water from the river. This would be done only if 
so desired, and if regulatory approval could be obtained.
Two general approaches were evident with respect to 
augmenting existing water supply sources with Arkansas River 
water. These were: 1) to pump water from the river during 
periods of larger flows and optimum water quality into 
either existing or new impoundments with subsequent utiliza­
tion as needed, and, 2) to extract water from the river 
during a sufficient length of time each year to enhance 
existing, or new, water supply sources to serve the needs of 
the community. As an example, if a community which cur­
rently has a barely adequate water supply source used river 
water for three months out of the year at an average flow 
rate, the capacity of their system would be effectively 
increased by 25 percent. Numerous other alternatives are, 
at least theoretically, available for utilization of the
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river water if desired. Among these are: 1) blending 
existing (or new) water supply sources with Arkansas River 
water throughout some period of each year, and; 2) utilizing 
water directly from the river for some period of time each 
year and using existing (or new) sources of water for the 
remainder of the year. Other alternatives are also avail­
able. Which alternative, if any, is chosen greatly influen­
ces the cost of treatment.
With respect to reported accidental spills: If they 
should occur, the community has a remedial course of action 
available during such periods as long as existing (or new) 
sources subsist. The course of action would be to halt 
extraction of water from the river during and after the 
spill until the water quality is improved to an acceptable 
level.
It is important to note that the water quality of the 
Arkansas River water changes considerably throughout an 
annual cycle. These changes also can influence treatment 
costs. For example, the total hardness concentrations in 
the river at Van Buren, Dardanelle and Pine Bluff are shown 
in Figure 125. These three sites were chosen to indicate 
not only sub-annual water quality changes, but also to 
provide some insight with respect to location of the site on 
the river. Although very hard water is used without lime or 
lime-soda ash softening in parts of the United States, it 
was assumed that softening would be required for the cost 
calculations if the hardness exceeded about 125 mg/L. As
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TOTAL HARDNESS
Site Comparison
Figure 125. Comparison Of Total Hardness Concentrations At 
The Van Buren, Dardanelle and Pine Bluff Site.
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can be seen from the graph, if river water were to be used 
directly for a major fraction of the year, either lime or 
lime-soda ash softening would likely be used. Conversely, 
if the water which was to be used only during the periods of 
acceptably soft water, were extracted from the river during 
periods when the hardness was not unacceptably hard and 
stored, or was blended with a water source which would yield 
an adequately soft water, softening might not be required.
Similarly, there are a number of scenarios with respect 
to the water treatment plant aspects. These scenarios might 
range from a community which has a treatment plant in such 
poor condition that replacement is needed, to a community 
which has a treatment plant in good condition but which does 
not have sufficient capacity or which requires modification 
if a different water supply source is used. In like manner, 
a community might choose to build a new treatment plant of 
adequate size for most of the year and use the existing 
plant principally for peak summer flows. All of these 
factors influence projected treatment costs. Consequently, 
a single cost estimate for all communities would not be 
meaningful. Instead, the approach used was to define 
incremental circumstances, specifically with respect to unit 
process costs.
All capital and operating cost estimates were made using 
a software program developed for the Environmental Protec­
tion Agency. The software program is called WATERMAID and 
is an interactive design program which can be used with
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microcomputers. The program allows selection of any combi­
nation of up to 26 unit processes. The unit processes must 
be sequenced according to the specific needs in a particular 
application. Both the unit processes to be used and their 
order of application in the overall treatment chain must be 
defined. Similarly, decisions with respect to the design of 
the individual unit processes must be made. In general, the 
approach used in developing the cost estimates included in 
Volume IV was to identify a range for the design parameters 
used for the individual unit processes.
With respect to selection of the unit processes to be 
used for the cost estimates, an analysis of the suspended 
solids concentrations and turbidity values did not appear to 
indicate a need for pre-sedimentation. Consequently, none 
was used.
The river water does require coagulation, flocculation, 
softening (likely), filtration, disinfection and storage. 
Additionally, both raw water pumping and treated water 
pumping were included. Granular activated carbon adsorption 
was included in some cost estimates at each site to provide 
"with and without" data for comparison purposes. Although 
the available data for total organic carbon in the river 
water indicates that total organic carbon concentrations are 
relatively low (generally less than 10 mg/L), it was pre­
sumed that sufficient trihalomethane precursors are present 
in the river water that pre-chlorination would not be 
practiced. Although the use of ozonation is clearly
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increasing in the United States, such usage is still not 
common. Consequently, ozonation was not included in the 
cost estimates.
The WATERMAID software program contains library values 
for the principal costs associated with water treatment. 
However, it does allow the user to input costs for a variety 
of factors which more nearly reflect both local and current 
conditions. Similarly, local chemical and power costs were 
used for developing the data.
The unit processes and operations which may be included 
are raw water pumping, pre-sedimentation, rapid mixing and 
chemical addition, flocculation, sedimentation, lime-soda 
ash softening, basin air stripping, stream mixing, stream 
splitting, filtration, reverse osmosis, granular activated 
carbon adsorption, ion exchange, disinfection with chlorine, 
packed tower stripping, clear well storage, finished water 
pumping, sludge drying beds, sludge centrifugation, filter 
press sludge dewatering, gravity sludge thickening, sludge 
dewatering lagoons, land disposal of sludge, recalcination 
of lime sludge, and vacuum filtration of sludge.
The WATERMAID program is utilized on an interactive 
basis by providing a list of contaminants which characterize 
the raw water stream and providing a list of unit processes 
to be used, arranged in a specific flow scheme. The program 
then computes the cost estimates for each unit process or 
operation based on design decisions made by the program 
user. The program is utilized by inputting the appropriate
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parameters for the water supply source of interest. Not all 
of the parameters need be used.
The computer program allows the input of cost indices as 
well as localized cost data. The Engineering News Record 
(ENR) and Producer Price Index (PPI) serve as the basic cost 
indices. Other variables which may be defined include 
engineering cost, labor cost, site work and interface 
piping, subsurface considerations, standby power, amortiza­
tion period, annual interest rate, land cost, electricity, 
diesel fuel and natural gas.
The program also allows the definition of various 
chemical and material costs, including dry alum, liquid 
alum, quick lime, slaked lime, sodium hydroxide, soda ash, 
ferric sulfate, ferrous sulfate, sulfuric acid, hydrochloric 
acid, anion exchange resin, cation exchange resin, salt, 
liquid chlorine, powdered activated carbon, granular acti­
vated carbon, polyelectrolyte, aqua ammonia, potassium 
permanganate, and liquid carbon dioxide. For the cost 
calculations included in Volume IV, the unit processes 
utilized included raw water pumping, rapid mixing and 
chemical addition, lime or lime-soda ash softening (includ­
ing recarbonation, as needed), sedimentation, disinfection, 
filtration, clear well storage and treated water pumping. 
Cost curves were developed both as a function of treatment 
plant capacity and as functions of several variables of 
interest for each unit process or operation.
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Treatment costs are reported in both total costs and in 
cents per thousand gallons. The cost curves were drawn 
using treatment plant capacities of 1, 5, 10, 25, 50 and 100 
million gallons per day. Sludge drying beds were assumed to 
be used for dewatering the sludges.
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Table XXV
Listing 
Of 
Water Quality Parameters
Which May Be Used In Cost Estimations
Design plant flow rate, MGD 
Water temperature, °C 
pH 
Turbidity, ntu 
Color,pcu 
Coliform organisms, No./lOO mL 
Total dissolved solids, mg/L 
Total suspended solids, mg/L 
Volatile suspended solids, mg/L 
Carbonate alkalinity, as CaCO3 
Non-carb. alkalinity, as CaCO3 
Calcium ion 
Magnesium ion 
Sodium ion 
Copper 
Ferrous iron 
Ferric iron 
Bivalent manganese 
Quadravalent manganese 
Chloride 
Sulfate ion 
Nitrate ion 
Total organic carbon 
Nonpurgeable organic carbon 
Pentavalent arsenic 
Trivalent arsenic 
Barium 
Cadmium 
Magnesium hydroxide
Hexavalent chromium 
Trivalent chromium 
Lead
Mercury 
Organic mercury 
Quadravalent selenium 
Hexavalent selenium 
Silver 
Fluoride 
Endrin 
Lindane 
Toxaphene 
2,4—D 
2,4,5-TP (Silvex) 
Methoxychlor 
Gross alpha particle 
emission, pCi/L 
Radium-226, pCi/L 
Radium-2 2 8, pCi/L 
THM Formation 
Precursors
InstTHM, CHC13 
InstTHM, CHBrCl2 
InstTHM, CHBr2Cl 
InstTHM, CHBr3 
Aluminum hydroxide 
Ferric hydroxide 
Calcium carbonate
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Chapter VIII 
RISK MINIMIZATION
The risk minimization evaluation conducted with respect 
to the use of Arkansas River water for agricultural, indus­
trial and municipal water purposes is summarized in this 
chapter.
The development of a water supply source for agricul­
tural, industrial or municipal purposes involves a variety 
of factors. Among these are the physical integrity of the 
supply, the quality of water in the potential sources, the 
degree of treatment required for the potential sources, 
transportation and distribution system costs and the safety 
of the supply for the intended purpose. The physical 
integrity of the supply refers to the assurance that the 
source will have sufficient water even during adverse 
conditions. The term "safety of the supply" refers to the 
degree to which adverse conditions which would make the 
supply source unsuitable for the intended application do not 
exist or may not occur. There is little question that the 
best acceptable source of supply should be developed for 
each community. In addition to developing the best source 
of supply, the need for analyzing and minimizing risks 
exists.
With respect to risks associated with any water source 
to be used for agricultural, industrial or municipal water
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supply purposes, both acute and chronic discharges must be 
considered. The results of the organic chemical analyses 
indicated the river to be remarkably clean during the 
sampling period concerning the pesticides, semivolatile 
organic chemicals and volatile organic chemicals for which 
analyses were conducted. Thus, the samples collected did 
not indicate the presence of continuing (chronic) discharges 
of sufficient magnitude to cause significant contamination 
(concerning the organic chemicals for which samples were 
analyzed) at the four main-stem sampling sites concerning 
the organic chemicals for which samples were analyzed. The 
relative absence of organic chemicals does not mean that 
they were not present in earlier years, or that they might 
not occur in future years. Institutional constraints 
installed during the past twenty years have undoubtedly 
decreased the likelihood of continuing and serious chronic 
discharges. 
Irrigation
With respect to use of the water for irrigation, all 
pesticide concentrations in the samples analyzed during the 
sampling period were less than the detectable limits of the 
test procedures used. Therefore, the concern that Arkansas 
River water is laden with pesticides does not appear to be a 
valid one. Consequently, a reasonable position would seem 
to be that the likelihood of damage to crops from irrigation 
with the Arkansas River (with respect to pesticides) would 
be very minimal. The largest risk would appear to result
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from acute circumstances, such as an unreported accidental 
(or perhaps intentional) spill of a pesticide at the time of 
extraction of the water from the river. Such an accident is 
possible, but does not appear to cause an undue risk.
Industrial Uses
With respect to the use of Arkansas River water for 
industrial (non-potable) applications, the data developed 
during the sampling period do not indicate any unusual risk 
concerning the use of such water. Risks associated with the 
use of the water for potable purposes in industrial activi­
ties would be similar to those for municipal water supplies. 
Municipal Uses
Because of the results of the organics analyses with 
respect to agricultural and industrial applications, the 
principal focus of the risk evaluation was directed at the 
potential use of Arkansas River water as a water source for 
municipalities. Since such usage involves human health 
considerations, this aspect of the evaluation became the 
predominant one.
The risk assessment study focused on the possibility of 
both chronic and acute agricultural, industrial and munici­
pal discharges and on acute reported and unreported rail, 
truck and barge spills. Although the organic chemical 
monitoring program did not indicate the presence of recur­
ring discharges, it is possible that such discharges could 
occur in the future. However, two mitigating factors would 
appear to be influential with respect to such a risk in the
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Arkansas River. These are the substantial institutional 
controls which have been installed during the past twenty 
years and the relatively large flow rate of the river during 
much of the year. The institutional controls do not com­
pletely guarantee that such chronic discharges will not 
occur, but they would appear to cause a minimization of the 
risk. The volumetric flow rate of the Arkansas River is 
easily overlooked as a factor in a risk assessment. As an 
example, the unweighted arithmetic average of the flow in 
the river at Van Buren for the reporting period from 1945 to 
1986 for which data were available was about 26,900 cubic 
feet per second or about 17.4 billion gallons per day. For 
illustrative purposes only, a spill at a rate of about 
145,000 pounds per day would be required at this flow rate 
to sustain a contaminant concentration of one milligram per 
liter. It is possible that such a continuing discharge 
could occur, but the likelihood of such a discharge being 
unnoticed for a substantial length of time would appear to 
be relatively remote. It is certainly recognized that the 
flow rate used in the calculation is an average and not a 
low flow, but it does illustrate the effect of the large 
flow rate as a risk minimizing factor.
For the two reasons described in the preceding para­
graph, the principal focus of the risk evaluation was 
directed towards acute discharges, both reported and unre­
ported. Realizing that the safe yield of the river is 
currently zero, either an alternate source of supply, or
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off-stream storage would be required for usage of the river 
water as a municipal water supply source. Accordingly, the 
assumption that extraction of water from the river could be 
discontinued any time adequate and timely notice was avail­
able would appear to be reasonably supportable. Such a 
situation might arise from an accidental barge, rail or 
truck spill (or an agricultural or industrial accident) of 
sufficient magnitude to cause serious contamination.
Given this assumption, the situation with the most risk 
would appear to occur either if a major spill was unre­
ported, or occurred such a short distance upstream from an 
intake structure that adequate and timely notification could 
not be given. Either is certainly possible, as is evidenced 
by the occasional spills which do occur.
Most large spills tend to be highly noticeable with the 
effect that it is relatively unlikely that such spills would 
go unreported. Thus, the most dangerous situation would 
appear to be when an accidental spill occurred at a short 
distance upstream from an intake structure, whether it be a 
barge, rail or truck spill, or an agricultural or industrial 
accident. Judicious location of intake structures can, in 
some circumstances, provide a degree of minimization of this 
risk, but it is not practical to assume that such location 
can eliminate the risk.
The contaminants of most concern with respect to munici­
pal water supply sources would include, but are not neces­
sarily restricted to, the radioactive substances, various
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organic compounds, toxic inorganic compounds, pesticides, 
and metals. Of these, the toxic organic, toxic inorganic 
and radioactive substances would seem to be of most concern. 
The central question with respect to the various pesticides, 
semivolatile organic compounds, and volatile organic com­
pounds would seem to be related to the need for either 
intermittent or continuing usage of granular activated 
carbon or packed tower aeration. Such usage is a judgement 
decision appropriately resting with the responsible state 
regulatory agency. It is clear, however, that the water 
utility industry is moving in the direction of using either 
(or both) unit processes. Such movement is relatively slow 
at the present time, but is nevertheless apparent. It is 
possible that trihalomethane considerations may dictate the 
use of either of these processes, but such a decision must 
be determined on a site-specific basis.
The decision to include either packed tower aeration or 
granular activated carbon adsorption is clouded somewhat by 
the relative absence of the various organic compounds in the 
samples collected from the river at the four main-stem sites 
and by the uncertainty associated with the changing regula­
tions with regard to the semivolatile and volatile organic 
compounds. It would appear to be a prudent approach in the 
design of a new water treatment plant that provisions be 
made so that retro-fitting of either process would be 
possible at some future time if the treatment plant did not 
include either process at the time of design and construc-
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tion. As an example, the inclusion of deep box filters 
would allow the addition of granular activated carbon either 
at the time of construction of the treatment plant or at 
some future data.
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